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FOREWORD 


It 1s the purpose of this journal to provide an interdisciplinary medium through 
which Advanced Energy Conversion can be treated as a coherent subject. This 
first issue illustrates one function of the journal, the publication of the proceed- 
ings of outstanding scientific symposia devoted to energy conversion. Regular 
issues will include high caliber scientific papers on all the electrical conversion 
processes, both direct and dynamic; and on the related subjects of energy sources, 
energy storage and control processes. A Technology Section will present new 
systems concepts, advances in engineering practice, fabrication techniques and 
materials developments. 

The scope of the journal is thus very broad and embraces contributions from 
many scientific disciplines. It is hoped that in addition to serving as a focal point 
for progress in these diverse fields with the common goal of improved power 
sources, that scientists in each of the disciplines will benefit from recognizing the 
relationships between the concepts expressed in the nomenclature of his field 
with similar problems and concepts expressed by the different models and 
different nomenclature of other fields. If as time goes on there is recognition of 
common concepts in different cloaks, and if there is a cross fertilization of ideas, 
the journal will have accomplished its mission. 
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PHOTOELECTRIC PROCESSES 


PAUL RAPPAPORT* 


INTRODUCTION 


IN THIS category are considered two energy conversion processes. One is that using the 
photovoltaic effect (solar cells), and the other is the photoelectric effect where electrons 
are emitted from a surface into a vacuum where they are collected by a transparent electrode. 
Both of these conversion techniques are quantum devices where individual photons from 
the sun (or other light source or radioactive material) cause quantum transitions in a metal 
or semiconductor to release charge carriers for electrical current flow in an external circuit. 
These are to be contrasted to the thermionic and thermoelectric devices which are heat 
engines. This discussion will be concerned chiefly with solar cells but a few remarks will 
also be made concerning true photoelectric devices. 


2. SOLAR CELLS 

(a) Description 

Solar cells are commercially available in quantity with overall solar conversion effi- 
ciencies up to 14 per cent. At present they are made of single-crystal silicon. A p-—n potential 
barrier (junction) is required for carrier separation and collection and is made by diffusing 
into the silicon a suitable impurity such as boron at a temperature near 1000°C. This 
barrier must be close to the surface where solar photons are absorbed. In practice a depth 
of about one micron is satisfactory for efficient energy conversion. One electrical connection 
is made to this thin diffused region and another to the undisturbed region to give a positive 
and negative terminal. Typically, each silicon solar cell (1 * 2cm) yields about 1/2 volt 
and 50 mA when exposed to sunlight. Many cells must be connected in series for higher 
voltage or in parallel for higher current. Because of the location of the contacts on the 
top and bottom of each wafer the series connection is made by “‘shingling” cells together 
so that each series chain consists of cells overlapping one after another. 


(b) State of the art 

Silicon solar cells (approximate cost $600,000/kW coated and mounted) have powered 
several satellites satisfactorily. Explorer 6, Tiros 1[1], and Explorer 7 are among the satellites 
using large numbers of solar cells; the first two satellites operated successfully for three 
months, and the last one was still operating after more than one year. An early Vanguard 
satellite has been operating (at least the solar cells are still supplying power) after almost 
four years. These cells have the advantage over other power sources in that they do not 
require accurate attitude control (orientation), a collector or a radiator. They are basically 
a light-weight device. The silicon cell without support weighs about 20 Ib/kW; with support. 
180 lb/kW represents present day design for panel mounted cells. If the weight of the 


* Radio Corporation of America, Princeton, New Jersey, U.S.A. 
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storage device is to be included, this number must be increased. Large-area thin-film cells, 
of course, offer the promise of extremely light weight. The table below shows the various 
photovoltaic materials and the best reported room-temperature efficiencies to date. This 
is for single-crystal material unless otherwise marked. 


TABLE |. EFFICIENCIES REPORTED FOR SOLAR CELLS [2] 


| 


o 


Energy gap 


Material (eV) 


| Efficiency 
15 
10 
8 
5* 
4 
3 


1 


* Polycrystalline film. 


(c) Theoretical limitations 


The theoretical overall efficiency of conversion for a solar spectrum is about 24 per cent 
when ideal conditions are assumed for the p-n junction characteristic. The semiconductor 
energy gap would have to be about 1-5-1-6 eV. For silicon the maximum theoretical effi- 
ciency is about 20 per cent. For a monoenergetic photon source this conversion efficiency 
could extend to 50 per cent. 

The most important factor preventing the achievement of this theoretical limit is the 
internal loss of solar-generated carriers due to bulk recombination. The so-called minority- 
carrier diffusion-length of the processed semiconductor is too small. This diffusion length 
ideally should be of the order of the reciprocal of the absorption constant for the photons 
with energy near the band gap energy of the semiconductor. Thus diffusion lengths of 
10-1 to 10-2 cm are required whereas in practice they are 10-4 to 10-° cm. 


(d) Operation at higher than room temperature 

Where operation at higher temperatures is required, such as in conjunction with light- 
concentrating systems or for some satellite missions, the optimum photovoltaic material 
changes. In general an elevation in temperature results in reduced efficiency of solar cells. 
Usually, the higher the semiconductor band-gap the less is this reduction. Thus, the effi- 
ciency degradation with temperature of silicon (band-gap 1-1 eV) cells is approximately 
twice that of GaAs (band-gap 1-35 eV). For example, at 100°C a silicon cell’s efficiency is 
only 50 per cent of the value at 0°C while a GaAs cell’s efficiency is 80 per cent of its O°C 
value. GaP (band gap 2-3 eV) is even better than GaAs in this respect, however CdS (band 
gap 2-4eV) does not behave like a wide-gap semiconductor and has a temperature-de- 
pendence resembling that of silicon. This appears to be caused by a different photovoltaic 
mechanism in the CdS cell. 

In connection with higher-temperature operation it should be pointed out that normal 
silicon cells have low emissivity coefficients (about 0-3) at long wavelengths so that they 


| 
Si 1-1 
GaAs 1-35 
Cds 2:4 
| 
CdTe | 1-45 
InP | 1:25 
Se 1-0 
GaP | 2-35 I 


Photoelectric Processes 


have a tendency to heat up during operation thus lowering their efficiency. Naturally a 
wider-gap material would be better for such operation, however it has been found that 
coatings or coverings over the cells can increase their long wavelength emissivity to about 
0-9, thus lowering their operating temperature. Typical cell coatings are glass, quartz, silicon 
monoxide or plastic coatings. In applying these coatings the “‘greenhouse”’ effect must be 
avoided or the cell temperature may be raised. This is simply accomplished by having the 
coatings in intimate contact with the cell surface. 


(e) Reliability 


In general, solar cells are quite reliable devices in that no moving parts are involved nor 
is there anything that is used up. Operation is at moderate temperatures so that diffusion 
or alloying effects are non-existent. Single-crystal semiconductors are quite brittle and apt 
to crack and contacts are prone to separation. This is especially true when the cell structures 
are subject to extreme variations in temperature, as when going through eclipses. These 
problems are under good control in silicon although as new materials are introduced the 
problems may occur again. Meteorite damage is an ever-present hazard that usually results 
in an open circuit. By judicious series—parallel connections, one can minimize the seriousness 
of such effects. 

The major cause of solar cell degradation will probably be due to the effects of radiation 
such as the protons and electrons of the Van Allen Belts. For example, in the lower radiation 
belt Van Allan has estimated that there may exist a flux of about 4 x 10? protons/cm* 
per sec of average energy of about 50-100 MeV. Laboratory measurements indicate that a 
solar cell will degrade to about 75 per cent of its initial efficiency after receiving about 
1011 protons/cm?. This means that after 1000 hours of operation in the lower Van Allen 
Belt a solar cell will deliver about 75 per cent of its initial power. The dependence is such 
that for a degradation to 50 per cent initial power it takes an additional 2000 hours operation 
in the radiation belt. A similar situation exists for electrons. However for electrons it is 
possible to do an effective shielding job (for energies below | MeV) but with the high- 
energy protons this is impractical because the weight of the shield would be prohibitive. 
Since surface coatings of cells are required for proper heat balance some shielding against 
particle irradiation is provided. However, the additional problems of radiation effects in 
the coatings and adhesives must be considered. Cerium glass or quartz are (when compared 
to the silicon cell) radiation resistant and would be satisfactory for cell coatings. 

Recent work has indicated the possibility of improving the radiation-resistance of solar 
cells by special construction or the use of new materials. For example, if a silicon cell is 
made so that the top surface layer is n type (it is p type in commercial cells) we have what 
has been referred to as the “‘n-on-p”’ cell. This type silicon cell has shown from 3-50 times 
better radiation resistance to electrons and low-energy protons (10 MeV) than its p-on-n 
counterpart. However this advantage seems to decrease as the proton energy is increased. 
Normally, one would expect the damage effect of protons to decrease as their energy in- 
creased due to the usual Rutherford scattering energy dependence. However the damage 
rates at very high energies (700 MeV) seem to be several orders of magnitude greater than 
what would be predicted from the low-energy data. Radiation damage measurements on 
GaAs solar cells indicate more radiation resistance than in the silicon cells. However this 
(and in fact all) the radiation damage data must await more refined measurements before 
definite conclusions are made. 
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(f) Applications 


If one considers that at Earth there is about 140 mW/cm of solar power available, one 
can conservatively expect about 14 mW/cm2 or 140 W/m? from a solar-cell power system. 
It would thus require about 21 m? for a 3 kW power supply. This is considered an arbitrary 
upper limit to what is practical, using present-day solar cells (10° cells would be required for 
3 kW). For space applications, some sort of unfurlable array would be required to get 
the cells out of the Earth’s atmosphere. When larger-area cells become available, the 
practical problem associated with these large arrays will become simpler. 

In any solar applications where power may be required continuously a storage battery 
system is required. At present, nickel-cadmium cells are the most practical for solar-cell 
power storage. These devices are heavy and have reliability problems discussed elsewhere 
in this paper. It is evident that, with a storage battery system, a solar cell array must be 
over-designed to maintain a given average output power. For example, the 3 kW system 
mentioned above may require 25 per cent additional solar cells, so that the storage batteries 
are properly charged when the sunlight is available. The number of extra solar cells depends 
on the power level and the light/dark ratio. An additional difficulty arises when cell de- 
gradation can take place since a certain minimum output level is required to maintain the 
storage battery charge. For example a pure solar-cell 3 kW system may have degraded to 
2 kW and still supply power when sunlight is present, but the same system with storage 
batteries might be defunct since the 2 kW is not now sufficient to maintain the minimum 
charge required by the storage batteries. 

In general, a solar-cell system of up to 3 kW power level can be used for communication, 
navigation, cloud cover and weather surveillance and scientific instrumentation. 


(g) Future progress 


The chief disadvantages of present-day solar-cell systems are the cost, weight and 
complexity. The efficiency and reliability for space applications are better than is available 
from any other energy conversion device. The reliability is in fact quite good for applications 
which do not require over 3000 hours in the lower Van Allen Belt. 

The most promising future device is the large-area deposited-film type of cell. Con- 
siderable progress has already been made in this direction using cadmium sulfide evaporated 
layers. These cells have exhibited 3-5 per cent conversion efficiency, are extremely light in 
weight and are large-area devices which presumably could be coated onto existing structures. 
It has in fact been possible to convert evaporated cadmium sulfide films into single crystals 
by a simple processing technique. A solar cell made from such films should be about 8 per 
cent efficient. Such devices should be inherently inexpensive since no single crystal growing, 
cutting and processing would be required. This development should be practical in the 
1963-65 time period. 

Single-crystal devices using high quality Si and GaAs with specially treated surface 
(expensive) should yield efficiencies in the 15-20 per cent range within the 1963-65 time 
‘period. 

Organic semiconducting films showing a strong photovoltaic effect with about 5-10 
per cent efficiency should be available in the 1964-67 time period. Such films would be very 
inexpensive and may be practical for use to complete with other, more-expensive power 
sources in areas where sunlight is abundant. 
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3. THE PHOTOELECTRIC EMISSION CONVERTER 

The appeal of a photoelectric emissive converter [3] is that it is basically a large-area 
device which should be low in cost and light in weight. In operation, one has a photo- 
emissive substance which is directly exposed to sunlight. Electrons are given off and 
collected by a grid or transparent electrode. A load is connected between the photoemitter 
and the collector and power is developed, thus completing the conversion of the solar 
radiation directly into electricity. 

There are two basic modes of operation of this type of device, one where the emitted 
electrons are collected by virtue of their initial velocities, in which case the lowest work 
function emitter and collector are used. The second mode of operation involves collection 
by a field produced by a difference in work function between the emitter and the collector. 
In this case, the lowest work function material is the collector, while the emitter is somewhat 
higher in work function. The voltage of the device is set by the difference in the work 
functions which can be between 1/2 and | V. In the first mode of operation, the voltage 
will be of the order of AT as is given by the initial velocity distribution. From the viewpoint 
of efficient energy conversion, the latter mode is the preferred one. This is because the most 
efficient photoelectric emitter does not have the lowest work function. Thus, while the 
Ag—O-Cs emitter has the lowest work function known, 0-75 eV, it has a poor maximum 
quantum efficiency of 0-005. The Cs(NaK)3Sb emitter has a work function of 1-55 eV, but a 
maximum quantum efficiency of 0-4. It can be seen that Ag-O—Cs would be an ideal low- 
work-function collector, while the Cs(NaK)3Sb would be an ideal emitter. This combin- 
ation would give a maximum voltage per cell of about 0-8 V. 

The basic limitation of the photoemissive device is its long wavelength threshold. Well 
over 50 per cent of the solar photons cannot cause the emission of an electron in the best 
photoemitter. For example, in the above-cited high efficiency emitter, the efficiency is only 
10 per cent at 2-4 eV. Only 13 per cent of the sun’s spectrum in the outer atmosphere would 
yield a quantum efficiency greater than 10 per cent. The longer wavelengths contribute 
negligibly. Neglecting other losses, it is obvious that a top conversion efficiency of about 
1-2 per cent is all that can be achieved. Using the method in mode 1, that of the initial velo- 
cities, the efficiency can be shown to be an order of magnitude less with the best emitters. 

There are two ways in which this efficiency can be improved: (1) to devise a wavelength 
converter so that the total energy in the solar spectrum is composed of photons of energy 
greater than 2-5 eV; or (2) devise more efficient photoemitters with thresholds at longer wave- 
lengths. At present it is considered remarkable when wavelength conversion is achieved and 
no mention is made of efficiency. The process must be at least 50 per cent efficient over the 
whole spectrum in order to be of use in the instant application. There is little hope for this. 

Similarly, much improvement in photoemitter characteristics is not to be expected. 
This is a field that has been worked over for at least 30 years and progress has been sporadic. 
The breakthroughs have been due to empirical experimentation rather than that of the 
basic understanding. One might expect that, for example, the Ag-O-Cs surface will be 
made more efficient in yield but not in threshold or that the Cs(NaK)3Sb surface be lowered 
in threshold but not in yield. However, the experts in the field do not anticipate the kind 
of improvement required to give a photoemissive device of even 10 per cent overall effi- 
ciency. It should be pointed out here that many practical problems not treated would exist 
such as large area—close space geometry, a collector with low light absorption penpertn, 
and the reduction of series resistance in the surface and collector, 
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FUEL CELLS 
J. B. FriAuF* 


MECHANICAL and electrical energy are the most convenient forms of energy for many 
applications. Unfortunately, however, they are also energy forms poorly adapted to storage 
and transport. See Table |. 


TABLE 1. KWH/LB FOR DIFFERENT FORMS Ot 
ENERGY STORAGE 
Form of 
energy storage 
Electricalt -9 x 10-6 
Mechanical} 
-€ 


kWh/Ib 


Thermal§ 5 x 107! 
Chemical || 
Nuclear* 


+ Capacitor: 149 uF; 7500 V; 61 lb. 

+ Flywheel rim: Rocoloy 270; 200,000 p.s.i. working stress; 488 Ib/ft*. 

§ Lithium fluoride: thermal energy liberated in cooling from 1500°K to 298°K. Yields 3-0 x 10°! 
kWh/Ib of mechanical energy if converted to mechanical energy by a perfect heat engine working between 
the temperature of thermal energy liberation and 298°K. 

Hydrogen plus oxygen: free energy of formation of liquid water. 
© Uranium 235: fission energy. 


For the transport of considerable energy in a reasonable weight we must carry chemical 
or nuclear energy and convert to electrical or mechanical energy as needed. This is, of course, 
precisely what we have long been doing with chemical energy, not quite so long with nuclear. 
Henceforth, it will be assumed that we carry chemical energy and that the end product we 
desire is electrical energy. The energy conversion steps in three devices which can be used 
to convert from chemical to electrical energy are: 


Central power station: CHEMICAL ~~ THERMAL —> MECHANICAL ~> ELECTRICAL 
Thermoelectric generator: CHEMICAL ~~ THERMAL ~> ELECTRICAL 


Fuel cells: CHEMICAL ~~ ELECTRICAL 


GENERAL CHARACTERISTICS OF FUEL CELLS 


A fuel cell is an electrochemical device for the direct conversion of chemical to electrical 
energy. In this it resembles a flashlight battery cell, which does the same thing, and, like 
the flashlight battery cell, gives roughly | V per cell. The difference is that the fuel and 
oxidant that supply the chemical energy are stored within the flashlight battery cell but are 
stored outside the fuel cell and fed to it as needed. For this reason the fuel cell is also known 
as a continuous feed primary battery. 

Now compare the fuel cell with two other energy converters which also give electrical 


* Bureau of Ships, Department of the Navy, Washington, D.C., U.S.A. 
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energy as the end product, (1) a heat engine plus an electric generator, and (2) a thermo- 
electric generator. The energy input to both is thermal energy, thus requiring a preliminary 
conversion from chemical to thermal energy; both must operate between a high temperature, 
T,, and low temperature T2; and both necessarily have an efficiency not greater than the 
Carnot efficiency, (7; — T>2)/T}. 

For the fuel cell, on the other hand, the input is not thermal but chemical energy. 
specifically, -- 4G, which is also frequently written as —4F, the decrease in the Gibbs free 
energy which occurs when the fuel and oxidant react in the fuel cell; operation is at a single 
temperature, which may be high or low: and the efficiency is not limited to Carnot cycle 
efficiency. The free energy efficiency is: 


electrical energy output (1) 
AG 


The theoretical upper limit is 100 per cent, a figure which has been closely approached in 
the laboratory. The actual free energy efficiency for fuel cells used for power production 
will depend upon the kind of fuel cell and the condition of operation and should be from 
60-80 per cent or even better. 

The decrease in Gibbs free energy is one measure of chemical energy, but not the only 
one. Another is the heat of reaction, —4H, which enters into some expressions for the 
efficiency of heat engines and fuel cells. Since 4G and 4H are not equal, efficiency com- 
parisons may be misleading unless the kinds of efficiency compared are kept clearly in mind. 
For this reason, it is perhaps better to make comparisons on the basis of specific fuel 
consumption, that is, lb of reactant per kWh. The theoretical specific weight of reactant for 
a fuel cell is: 

1-895 nM 
4G 


where JG is the free energy change (in kg cal per g mol. wt.) for the chemical reaction in the 
fuel cell, M is the molecular weight of the reactant, and n is the number of moles of the 
reactant used in the reaction. For He — 0-5O2 —» H2O (liquid) at room temperature, — 4G 
is 56°69. For hydrogen, n is 1, and M is 2-016, hence, we need 0-0673 Ib of hydrogen per 
kWh. For oxygen, 7 is 0:5 and M is 32, hence, we need 0-535 lb per kWh, or a total for both 
reactants of 0-602 lb per kWh. This is the theoretical figure for 100 per cent free energy 
efficiency. The actual weights will be: 
= = (3) 
e 
For many fuels, the weight needed per kWh is roughly half as much as would be needed 
by an energy converter having the efficiency of a very good central power station. This is, 
of course, one of the main reasons for the interest in fuel cells. It opens up two attractive 
possibilities : 


(a) Cutting down on the amount of fuel that must be sent to isolated power stations 
at the far corners of the earth or up in space; and 
(b) Conserving our fossil fuel supplies which are being used at an ever increasing rate. 


The essential components of a fuel cell are shown in Fig. 1, (a) two electrodes, a fuel 
electrode or anode and an oxidant electrode or cathode; (b) an electrolyte; and (c) a supply 
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of fuel and oxidant. The fuel may be hydrogen, a metal, an alcohol, a hydrocarbon, or some 
other substance which can be oxidized, that is, can lose electrons in a chemical or electro- 
chemical reaction. The oxidant may be oxygen, chlorine, bromine, or some other substance 


which can be reduced, that is, can gain electrons. 


LOAD 


r-—WASTE PRODUCTS 


FUEL ELECTRODE OXIDANT ELECTRODE 


= 
OXIDANT 


ELECTROLITE 


Fic. 1. Fuel cell (direct type). 


If the fuel is hydrogen and the oxidant is bromine, the reactions are: 
At the fuel electrode: 
At the oxidant electrode: Bro 2 (5) 
Overall Ho (6) 


At the anode or fuel electrode, one molecule of hydrogen gives two positively charged 
hydrogen ions and two electrons. The two electrons pass through the load connected to 
the terminals of the cell, supplying electrical energy to it, and arrive at the cathode, or 
oxidant electrode, where they combine with bromine to give two negatively charged bromine 
ions. The hydrogen and bromine ions combine to make hydrogen bromide. The net result 
is to supply electrical energy to the load and combine hydrogen and bromine to make 
hydrogen bromide. 

If oxygen is the oxidant instead of bromine, the cell reactions are more complicated 
because of the formation and decomposition of the peroxide ion at the oxygen electrode, 
but the end result is the formation of water and the production of electrical energy. What- 
ever the fuel and oxidant, the end result of the reactions in a fuel cell is the combination 
of fuel and oxidant to form one or more reaction products, produce electrical energy, and 
liberate heat, or, if some rather unlikely fuels and oxidants were to be used, absorb heat 
from the surroundings when the process is conducted reversibly. 

The electrolyte may be aqueous or non-aqueous, the pressure and temperature may be 
high or low, and fuel utilization may be direct or indirect. 

These variations, combined with the variety of possible fuels and oxidants, lead to the 
rather bewildering array of fuel cells which have been described in recent reviews [1, 2, 3, 4]. 
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To bring some sort of order into this array, fuel cells have been classified in different ways, 
one being whether direct or regenerative (indirect). We shall consider first the regenerative 
fuel cells which are currently of interest for space applications and then take up the direct 
types of fuel cells which are of more interest for terrestrial applications. 


REGENERATIVE FUEL CELLS 
In the regenerative fuel cells, an intermediate fuel and oxidant are combined in a fuel 
cell to produce electrical energy and the product of the reaction is treated to regenerate 
the intermediate fuel and oxidant for another cycle through the fuel cell. Regeneration 
may be chemical, photochemical, thermal, or electrical. 
Chemical regeneration. The intermediate fuel and oxidant are regenerated by reaction 
with a primary fuel and oxidant. The chemically regenerated fuel cell shown in Fig. 2 has 


LOAD 
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FUEL ELECTRODE OXIDANT ELECTRODE 


FUEL OXIDANT 
REGENERATOR> REGENERATOR 
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OXIDANT 
PRIMARY PRIMARY 
FUEL OXIDANT 


Fic. 2. Chemically regenerated fuel cell system. 


regenerators for both fuel and oxidant. Obviously we can use a regenerator for only one 
and then have what might be called a half regenerative cell. Chemically regenerated fuel 
cells are also known as Redox fuel cells because of the alternate reduction and oxidation 
of the intermediate fuel and oxidant as they go through their cycle. A disadvantage of this 
type of fuel cell is that there is some loss of chemical energy in the regenerators so that the 
theoretical fuel consumption will be greater than for a direct cell using the same primary 
fuel and oxidant. There are advantages to compensate for this, but as yet, at least so far 
as I know, the chemically regenerated fuel cell is lagging behind the direct types. 

Photochemical regeneration. The product of the reaction is photochemically dissociated 
and fuel and oxidant are separated for reuse in the fuel cell. Fuel cells of this type have been 
proposed for the conversion of solar energy to electrical energy [5, 6]. 

Thermal regeneration. In a thermally regenerated fuel cell, Fig. 3, a fuel and oxidant 
are reacted in a fuel cell at a low temperature. The product of the reaction is heated to a 
high temperature in a heat exchanger and then thermally dissociated to give back the fuel 
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and oxidant which are separated, cooled in the heat exchanger, and sent back through the 
fuel cell. In this type of fuel cell, the energy input is not chemical energy but thermal, and 
the efficiency cannot exceed the Carnot cycle efficiency. The direct types of fuel cells should 
have higher efficiency if chemical energy is available to start with, and it does not appear 
that the thermally regenerated fuel cell will be of much interest when this is the case. The 
situation is different, however, when the input energy source is thermal energy, from solar 
or nuclear energy for example. In one of the thermally regenerated fuel cell systems which 
has been proposed, lithium and hydrogen are reacted in the fuel cell to produce electrical 
energy and form lithium hydride which is thermally dissociated to regenerate the reactants 


[7]. 
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ENERGY OUT 


Fic. 3. Thermally regenerated fuel cell system. 


Electrically regenerated. The fuel and oxidant are regenerated by passing a current 
through the cell in the direction opposite the current direction when the cell is supplying 
power. These cells are thus a special type of storage battery cell and are being studied for 
space applications where they may have advantages over conventional storage batteries 
[8. 9]. 

DIRECT TYPES OF FUEL CELLS 

The direct types of fuel cells are those in which the fuel and oxidant are fed directly into 
the fuel cell and the product of their reaction is disposed of as waste (see Fig. 1). Grouped 
according to the electrolyte used they include: 


|. Aqueous electrolyte fuel cells 


(a) Low temperature, low pressure (room temperature to about 100°C, a few atmo- 
spheres) [10]. 
(b) Medium temperature, high pressure (about 200°-300°C, 20 atm or higher) [11]. 


2. lon exchange membrane electrolyte [8, 12, 13, 14, 15] 


3. Fused salt, electrolyte (high temperature, about 500°C and higher) 


(a) Free liquid [16, 17]. 
(b) Fused salt in ceramic matrix [16, 18]. 


= 
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4. Other electrolytes 

As yet of minor importance. 

Different fuel cells will be needed for different jobs, but the fuel cell which would bring 
the greatest joy to the greatest number of hearts is one which would use a cheap hydrocarbon 
fuel directly in the fuel cell with air as the oxidant when air is available and oxygen when air 
is not, and would do this in an aqueous electrolyte at low temperature and pressure. We 
do not yet have this fuel cell. Let us look at those listed above and see how they fall short 


of what we would like. 


Fused salt, high temperature fuel cells 


These have been the most successful in using hydrocarbons. Cells of this type could be 
run continuously for several months, operating between 550 and 700°C on town gas, hydro- 
gen, carbon monoxide, and natural gas [18]. Kerosene vapor at 650°C has been found 
to give almost the same performance as hydrogen [16]. These are the fuel cells which may 
ultimately develop into fuel cell central power stations of the future, but the prevention of 


heat loss from a high temperature installation becomes increasingly difficult as the size 
is reduced, hence, it would appear that the high temperature fused salt fuel cell is in- 
herently better adapted to large power units than to the medium and small power units of 


more immediate interest. 


lon exchange membrane fuel cells 

These use a solid rather than a liquid electrolyte, the solid being an ion exchange mem- 
brane which may be either of the anion or cation type. It has also been proposed to use 
two ion exchange membranes, one next to each of the two electrodes, with an aqueous 
electrolyte between the two membranes [15]. The ion exchange membrane is a relative 
newcomer to the fuel cell field but already shows signs of promise. Portable, 200 W power 
supplies with ion exchange membrane fuel cells are being developed for use by the Depart- 
ment of Defense. The Bureau of Ships expects to have two of these units delivered early in 
1961. These will use a cation exchange membrane as electrolyte, air as oxidant, and hydro- 
gen, generated by the action of a sulphuric acid solution on sodium borohydride, as fuel 
[14]. 


Aqueous electrolyte fuel cells with carbon containing fuels 

Hydrogen is the most readily utilized fuel for aqueous electrolyte fuel cells, as indeed, 
it seems to be for most fuel cells. Hydrogen is not, however, a fuel which is either parti- 
cularly cheap or easy to carry, and for this reason the use of carbon and hydrogen containing 
fuels in aqueous electrolyte fuel cells is being studied. Some degree of success has been 
obtained with alcohols, aldehydes, and other organic compounds containing carbon, 
hydrogen, and oxygen [13,19]. Hydrocarbons are also being investigated, but much of 
the work in this area is being done by companies with proprietary interests and relatively 
little scientific information is available in the public domain. The problems encountered 
with the use of carbon containing fuels in an aqueous electrolyte include: (a) incomplete 
oxidation, leading to a loss of efficiency and the build up of intermediate reaction products 
in the electrolyte; (b) the carbonation of alkaline electrolytes; and (c) the poor performance 
with acid electrolytes which should by-pass the carbonation problems associated with 


alkaline electrolytes. 
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Aqueous electrolyte with hydrogen or metal fuel 


The fuel cells which appear to be closest to practical use for power generation in the 
kW and hundreds of kW range are low temperature and pressure, aqueous electrolyte 
fuel cells using hydrogen or sodium as the fuel and oxygen (or air) as the oxidant. The 
Bureau of Ships has contracts for the development of two different types of cell suitable for 
use in submarines, each type having a power output of about | kW per cell. 

One is a hydrogen—oxygen fuel cell using a solution of potassium hydroxide as the 
electrolyte. The oxygen would be carried as liquid oxygen. Hydrogen can be carried as 
liquid hydrogen but the low density of liquid hydrogen and the hazards associated with it 
are such that less objectionable methods are being sought. 

The other is a sodium amalgam-—oxygen fuel cell with an aqueous solution of sodium 
hydroxide for electrolyte. The fuel electrode is a steel plate over which sodium amalgam is 
flowed. Spent amalgam is collected at the bottom, enriched with sodium, and recirculated. 
The mercury in the amalgam is recycled without loss. Sodium is consumed at the fuel 
electrode, oxygen at the oxygen electrode, and sodium hydroxide is formed. Continuous 
removal of electrolyte and addition of water keep the sodium hydroxide concentration of 
the electrolyte at the desired value. 

The estimated performance of these fuel cells (for power plants in the several hundreds 
of kW range) are given in Table 2. It is to be emphasized that these are estimates only and 
are not based on plants which have been built and tested. 


TABLE 2. ESTIMATED PERFORMANCE OF LOW TEMPERATURE, LOW PRESSURE, 
HYDROGEN-OXYGEN AND AMALGAM-—OXYGEN FUEL CELLS 


Hydrogen—oxygen 


Amalgam-oxygen 


V per cell 

Pressure (atm) 

Weight* (Ib/kW) 

Volume* (ft?/kW) 

Fuel (lb/kWh) 

Oxygen (Ib/kWh) 

Total, fuel + oxygen (Ib/kWh) 
Operating cost ($/kWh) 


* Cells and auxiliaries, but not fuel and oxygen storage tanks. 


TRENDS IN FUTURE DEVELOPMENT 
Two distinct directions of future development are already clearly indicated. These are: 


(a) The development of fuel cells using exotic fuels for special applications (military 
or space) where fuel cost is not a primary consideration. The sodium amalgam- 
oxygen fuel cell and the ion exchange membrane portable power supply using 
hydrogen generated from sodium borohydride are two examples of developments 
in this direction. 

The development of fuel cells for use in applications where fuel cost is an important 
or controlling consideration. The high temperature fused salt fuel cell is an example 
of a development in this direction. 
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Another development in this direction is the use of cheap hydrocarbon fuels (or perhaps 
methanol) in low temperature, aqueous electrolyte fuel cells. The avenues of attack are: 


(a) The use of acid electrolytes from which the carbon dioxide formed by complete 
oxidation of the fuel would be evolved as a gas. The result would be a particularly 
simple installation in which the fuel is fed directly into the fuel cell without any 
preliminary treatment, and removal of the waste products, carbon dioxide and 
water, is a relatively simple matter. 

The use of alkaline electrolyte fuel cells in combination with either: 

(i) Means for regenerating the electrolyte which will be carbonated by the carbon 
dioxide resulting from oxidation of the fuel; or 

(ii) Preliminary reforming of the hydrocarbon or alcohol fuel to produce carbon 
dioxide and hydrogen followed by separation of the hydrogen which alone 
would be fed to a hydrogen—oxygen fuel cell. 

Neither of these two alternatives seems as attractive in principle as a fuel cell into which 
the fuel could be fed without preliminary treatment and the waste products removed without 
regeneration of the electrolyte. 

PROBLEMS 

One of the difficulties associated with fuel cells using gaseous reactants was pointed out 
by Grove [20] more than a century ago, as follows: 

“As the chemical or catalytic action in the experiment described in that paper, could 
only be supposed to take place, with ordinary platina foil, at the line or water-mark 
where the liquid, gas, and platina met, the chief difficulty was to obtain anything like 
a notable surface of action.” 

We still have with us the problem of obtaining “a notable surface of action’? where 
liquid, gas, and solid meet. One of the advantages claimed for Redox cells is that by suitable 
choice of reactants the reactions in the fuel cell can be made to take place where only two 
phases, solid electrode and liquid electrolyte, meet. The same result can also be obtained by 
using a fuel such as methanol, which can be mixed with the electrolyte. 

There is another problem inherent with fuel cells. Their high efficiency is dependent 
upon conducting the electrochemical processes reversibly. Reversible processes are notori- 
ously slower than irreversible. For the simultaneous attainment of high efficiency and 
reasonable size of equipment it is necessary to have catalysts which speed up the electrode 
reactions. 

In addition to the above problems there are countless others associated with obtaining 
equipment which will operate reliably for long periods of time. Many of these problems 
are of the kind which are sometimes called ‘“‘mechanical problems” and casually dismissed 
as being of minor importance. It must be remembered, however, that the solution of minor 
problems sometimes takes even longer than the solution of a major problem which may 
vanish almost overnight after a technical breakthrough. For this reason it would be rash to 
make any predictions as to when fuel cells will become important power sources. That they 
will come seems certain, when is another matter. 


PROSPECTS 


When the fuel cell does arrive, its prospects are fascinating. Consider only three fields 
in which it may be applied. 
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(1) Chemical industry. Substantial amounts of d.c. power are used for electrolysis. 
Generation of power by fuel cells could lead to significant savings in fuel. Even more in- 
triguing is the possibility of integrating fuel cells into the chemical industry to produce 
electric power as a by product of reactions that would be carried out in any event. Consider 
sulfuric acid, for example. Most of it is made by burning sulfur. If the oxidation of sulfur 
to sulfur dioxide were done in a fuel cell, and if all the sulfuric acid produced in this country 
were made by burning sulfur, the theoretical amount of electrical energy produced would 
be almost 2 per cent of the total electrical energy produced in this country or some thirty 
times the electrical energy needed to make electrolytically all the magnesium produced here. 
(Figures based on U. S. Production of electrical energy, sulphuric acid, and magnesium in 
1959.) There are doubtless other ways in which development of suitable fuel cells could 
result in the production of a significant amount of electrical energy as a by product of the 
chemical industry. 

(2) Energy production and storage. Fuel cells which use hydrocarbon fuels or even coal 
may become the central power stations of the future. Fuel cells may also find application in 
systems for the storage of energy obtained from sources which are but little used today, 
tides, wind, and sun. Finally, fuel cells may ultimately lead to a decline in the importance of 
central power stations for supplying power to residential consumers. Instead of having 
electrical energy transmitted to his home, each householder might have in his basement a 
fuel cell power supply which uses air as the oxidant and as fuel either natural or manufac- 
tured gas or a liquid hydrocarbon. Such a plant combined with a heat pump for heating 
in the winter and cooling in the summer could result in significant savings of fuel. It would 
be a far cry from conventional central power plants in which the chemical energy of the 
incoming fuel is split into three roughly equal parts of which only one is usefully employed 
in the production of electrical energy while the other two are wasted in heating up some 
body of water. 

(3) Automative vehicles. A number of companies are interested in fuel cells for fork lift 
trucks [21]. Delivery trucks are another field of application, and it seems not too much to 
hope that in the future we may have quiet electric automobiles powered by fuel cells. 
Fuel consumption should be less, and the fuel cell should also alleviate that part of the 
smog problem which is caused by the exhaust gases from gasoline powered automobiles. 


Summary—The fuel cell is a highly efficient electrochemical device for the direct conversion of chemical 
to electrical energy. It has not yet been developed to the stage where it is doing any significant part of the 
world’s work, but when it is it should find important application in a world where the increasing population 
and the increasing energy consumption per capita are making ever and ever greater demands on our fossil 
fuel supply. 
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NOMENCLATURE 
Vector magnetic field intensity 
External magnetic field intensity in z-direction 
Specific heat at constant pressure 
Specific heat at constant volume 
Distance between electrodes 
Electric field intensity in the y-direction 
E 
uo Bo 
Vector electric field intensity 
Height of generator (distance in z-direction) 
Current density in minus y-direction 
Vector current density 
Thermal conductivity 
Length of the generator 
u/uo 
Trace (tensor operation) 
Time 
Internal energy per unit mass 
Velocity in the x-direction 
Vector velocity 
Inlet velocity 
Terminal voltage 
Power 
Power density 
Cartesian coordinate system 
Dielectric permeability of free space 
Energy conversion efficiency 
x 
D 


* The Martin Co., Baltimore, Md. U.S.A. 
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Magnetic permeability of free space 
Kinematic viscosity 
Mass density 
Density corresponding to inlet conditions 
Electrical charge density 
Electrical conductivity 
yM- 


Subscripts 
' Rejection or outlet condition 

0 Inlet condition 

1. INTRODUCTION 
WHEN we examine the electromagnetic induction principle (Fig. 1), we find that a bar, ab, 
of an electrically conducting material moving with velocity, u, perpendicular to the lines 
of an applied magnetic field of intensity, B, will have an electric field, Bu, generated into it 
in a direction perpendicular to both the magnetic field and the velocity; viz., from a to b. 
Direction of flux density 
B is inward—_ 


Conductor 


Conducting rail— 


x 


x 


Electric 
load 


Conducting ra 
on -ve charge is from a to D =euB 


Fic. 1. Electromagnetic induction principle. 


The free electrons within the conductor will move in the direction of the field force acting 
on them, viz., from a to b, until the accumulation of charges at the conductor ends estab- 
lishes an electrostatic field intensity EF equal to the electric field intensity generated by the 
interaction of magnetic field and the motion. If the moving conductor is made to slide 
on two conducting rails which are in turn connected to an electric load (see Fig. 1) an 
electric current flows through the circuit and d.c. electric power is thus delivered to the load. 

The dynamoelectric generator operates on the basic electromagnetic induction prit. ciple 
discussed above except that the single conductor sliding on rails is replaced by the more 
sophisticated design involving a rotating armature with its winding, commutator and 
brushes. 
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The arrangement illustrated in Fig. 1 suggests that the conductor does not necessarily 
have to be a solid. Indeed, if we can replace the solid conductor by the highly conductive 
plasma of, say, the fusion reaction products (or by any other well-ionized gas or vapor) 
and, further, if we can make this conductor move at high velocity across a magnetic field, 
then we can have a method of electric power generation by electromagnetic induction in 
which the motion of the plasma itself corresponds to the rotation of the armature of a 
dynamoelectric generator but does not involve heavy moving parts inherent in the use of 
armatures or turbines. Such a method of conversion is designated by the term magneto- 
hydrodynamic (MHD) energy conversion. 
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Fic. 2. MHD electric power generator. 


In its simplest form, the MHD electric power generator (see Fig. 2) consists of a simple 
channel having a rectangular cross section. Two opposite walls of this channel serve as the 
surfaces of the north and south poles of a magnet; the other two walls serve as the electrodes 
by means of which the electrical current to the load can be extracted. For many applications 
it is desirable to have an entrance nozzle region to convert part of the total thermal energy 
to a desired kinetic energy for a prescribed thermodynamic condition at the inlet to the 
magnetic field-fluid interaction region. Figure 2 schematically illustrates a typical arrange- 
ment of an MHD generator. 

Thus, the MHD generator offers an advantage over the conventional steam-turbine 
generator in that it entails a basically simpler design concept; the rotating turbine and 
rotating dynamoelectric generator are replaced by a single channel through which the 
working fluid itself is first made electrically conductive, then passed at high velocity across 
the magnetic field. This arrangement has the potential of taking full advantage of the 
high-temperature thermal energy sources which are available, or will become available in 
the future, without the need for any dynamically highly stressed parts operating at the ultra 
high temperatures (above 2000°K) involved. 

Having presented the reasoning behind the emergence of the concept of the MHD 
electric power generator, and having qualitatively described the principle of its operation, 
let us present the fundamental theory involved. We can then discuss the performance possible 
by future and present-day technology and the research problems which face this method 
of direct conversion and which must be solved before its full potential can be realized. 
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2. BASIC THEORY 


Magnetohydrodynamics [1] is the science dealing with the motion of an electrically 
conductive fluid under the influence of a magnetic field. The equations governing the 
behavior of the MHD electric power generator are therefore Maxwell’s electromagnetic 
field equations, the generalized Ohm’s law, the hydrodynamic equations modified to take 
account of the interaction between the motion and the magnetic field, and the energy 
equation. 

Maxwell’s equations consist essentially of the following: 

(1) The generalized differential expression of Faraday’s law for the curl of the electric 
field, namely, 

VXE (1) 
ot 

(2) The generalized differential expression of Gauss’ law for the divergence of the 
magnetic field, 


(2) 


(3) The generalized differential expression of Biot and Savart’s law for the curl of the 


magnetic field, 
V B po J €0 (3) 
ot 
(4) The generalized differential expression of Gauss’ law for the divergence of the electric 


field, 
E (pq/€o). (4) 


The generalized differential expression of Ohm’s law for a moving medium includes, 
besides the term due to the electric field, E, a term due to the induced electric field, u x B, 
resulting from the motion of the medium at velocity, u, under the influence of the magnetic 
field intensity, B, and another term due to the transport of the net charge density, pg, by 
the medium moving with a velocity, u: 


o( E+ u B) Pq U. (5) 


The hydrodynamic equations consist of the following: 
(1) The differential expression of the mass continuity equation, 


Op 


1 V . (pu) = 0 (6) 


(2) The differential equation of motion which is essentially a statement of Newton's 
second law for a differential volume of the moving medium and includes, in addition 
to body forces due to motion 


the pressure gradient, (Vp), the gravity force, (pg), the force due to viscosity, 
pr[V°u + (1/3) V(V . u)], an electromagnetic body force term, (J x B+ pgE). 


* For coordinate systems other than Cartesian coordinates, replace (“ . V)u by (Vu)u. 


2 
@ 
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- + pg - pv V2 u (1 3) pvV(V . u) JXB pq E. (7) 


The differential expression for the generalized energy equation for a compressible fluid 
flow has, in addition to the internal energy term, 


p ar . vu] 


where U == CyT¥ and the term representing the work done by motion, 


heat terms per unit volume due to Joule heat [(1/c) J?], due to heat conduction, (AV? T), 
and due to viscosity, {(1/2) py tr[Vu — (Vu), P}. 
Thus, 


vu| 4 (1/2) pv tr[Vu + (Ve? (8) 
oO 


where the asterisk denotes the transpose of the tensor. 


Fic. 3. Coordinate system. 


Equations (1) to (8) represent the most generalized equations which govern the per- 
formance of the MHD electric power generator under steady-state or transient conditions. 

For the sake of simplicity and clarity in understanding the phenomena and in evaluating 
the potential performance of the MHD generator, let us consider the solution of these 
equations under steady-state conditions and for the case of a one-dimensional flow of an 
electrically-conducting gas or plasma inside a duct having a rectangular cross section. We 
choose the coordinate axes with the plasma flowing with velocity, u, in the x-direction (see 


+ In general U | Cy(T) dT. 
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Fig. 3). An external constant magnetic field, Bo, is impressed in the z-direction, the current 
density, J, is flowing in the minus y-direction, the terminal voltage, V, exists in the minus 
y-direction, and the electric field, E, exists in the y-direction. We further make the following 
simplifying assumptions: 

(1) The electrical conductivity of the plasma is a scalar constant. 

(2) The fluid flow is strictly one dimensional which means that all variables, in addition 
to the gas dynamical state variables, vary only in the direction of flow (x-direction) 
but not over the cross-section of the channel. 

(3) The effects of gravity, viscosity or thermal conductivity of the gas are neglected. 

(4) The ionized gas or plasma obeys the perfect gas law. 

(5) The ratio of specific heat at constant pressure to specific heat at constant volume 
(y) is constant. 

(6) The ionized gas or plasma flow through the channel is free from shocks; i.e., the 
flow is free from any regions in which the temperature, pressure and density change 
very rapidly with distance. 

(7) The electrodes are perfectly conducting and extend over the entire mene field 
fluid interaction length of the channel. 

(8) The ionized gas or plasma is electrically neutral. 

(9) The voltage drops at the electrode sheaths are small, in comparison with the output 
voltage, and can be neglected. 

(10) The applied magnetic field in the z-direction is constant. 
(11) Any currents induced in the direction of flow (x-direction) are negligible compared 
to the main current induced in the y-direction. 


Then, for steady-state conditions and constant cross-sectional area, the general differ- 
ential equations governing the behavior of the MHD electric power generator (equations 
(1)-(8) inclusive) reduce to the following scalar differential equations: 


dE 
dx 


dB 


dz 


0 i.e., E does not vary along the length of the channel (la) 


i.e., B does not vary along the magnetic air gap (2a) 

dB i.e., the variation of B along the channel is proportional to the 

dx current density J (armature reaction effect) 

dE 

dy 
J o(uB E), 


i.e., E does not vary along the distance between the electrodes 


where 


po uo — constant, 


E = (V/D). 
(pu) = 0 r 
dx or pu (6a) 
pu a JB, (7a) 
dx dx 
and 
dU p _dp .1l,, 
= J2, 
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where U=CT 
— V 


In addition to these equations we introduce the equation of state for an ideal gas, 


p — pRT, where R = (y — 1) Cy and y — (C,/Cy): (9) 
Y 


and the Mach number, ™, 
u> = M?yRT, where yR = (y — 1) Cp (10) 


Differentiating equation (9), with respect to x, and then substituting for dp/dx into 
equation (8a), we get the following expression for the energy equation: 


pu (CyT) =u pu 
x 


8b 
dx dx 


By substituting for dp/dx from equation (7a), and since by definition, Cp = Cy + R, 
we get the following expression for the heat equation: 


pu (C7 u2) 


Equations (3a), (5a), (6a), (7a), (8c), (9) and (10) are seven simultaneous differential 
equations in seven dependent variables B, J, vu, p, p, Tand M. The solution of these equations 
will be carried out for the case of nonisentropic flow when the effects on the fluid flow of 
the magnetic fields produced by the induced current distributions are negligible (similar 
to saying, in the case of the conventional d.c. generator, that all armature reaction effects 
are negligible); i.e., when the motion-induced magnetic fields are negligible or the magnetic 
Reynolds number, cpouvoLl, is very small such that from equation (3a) 


d(B/ Bo) 
d(x/L) 


0. 


Bo 


This is equivalent to saying that the net magnetic field does not vary along the length of 
the channel. This will be the case when the electrical conductivity is as small as can be 
practically achieved by present-day techniques of thermal ionization of alkali metals in 
seeded combustion gases or coolant gases in nuclear reactor cores (o is on the order of | 
to 500 mho/m). 

For this case, the equations governing the behavior of the MHD generator for the 
unidimensional flow are the six equations (5a), (6a), (7a), (8a), (9) and (10). The six un- 
knowns are J, u, p, p, M and T. By eliminating J, p, p and T from these equations we get: 
For the equation of motions, 


- — JBo ao(uBy — E) Bo: (11) 
dx 


and for the energy equation, 


+ = o(uBy — E) E. 
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Next we introduce the following dimensionless quantities: 


(1) The magnetic interaction number, No, to be equal to the product of the magnetic 


pressure number, N,,,, and the magnetic Reynolds number, N,,,, we have 


2 


0 = (Bio D/pouo) (13) 
Hopouy 
where 
magnetic energy density B? B2 
inlet kinetic energy density \2 


N motion-induced magnetic field intensity BoD 


mr 1S @ measure of the ratio 


impressed magnetic field intensity Bo 
= poougD. (15) 


normalized velocity in terms of the inlet velocity. (16) 
Uo 
* normalized axial distance, measured from the inlet plane, in terms 
D of the distance between electrodes. (17) 


E } electric efficiency or ratio of load voltage to open 
circuit voltage. (18) 


Mach number factor. (19) 


Then the equation of motion and the energy equation take the following normalized 
forms, respectively: 
d 


No S — e), (20) 


d y l 

- bS* S? Noe(S — e). l 
Solution of equations (20) and (21) for ¢ in terms of S, with the boundary condition 
= do = (1/yM?) at S = 1, yields 


(do y ') 
S(S 


(do + 0-2) + 1) + aS 
S(S — a) 


Substituting for é from equation (22) into the equation of motion equation (20), differ- 
entiating with respect to @ and then solving for @ in terms of S, with the boundary condition 
6 = Oat S = 1, we get 


Noé 11 — Ky: —) — Ke: (23) 


and 
(2) 
(3) @ 
(5) ¢ 
yM? 
and 
aS - S* 
| 2y 
(22) 
a) 
0-2 . 
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where 


fue, 0) a ‘| 2y a? - (I a- 2y 


(=) [0:8 a? — (1 $o) a + (0-2 + if (y = 5/3); 
Ja 


Kye fi2(a, do) | (1 go) | 


‘> \2 
[08 (1 + do) a + (0-2 + ¢0)] for y 
Ia 


(5/3); 


\2 19 ny ny 
do) a 


fo2xa, do) Ay 1) 


9\2 
(=) [a2 + (1 + 40) a — (0-2 + do)] for y = (5/3). 
Ja 


From basic principles, the electrical power output is given by 
L 
W, = | GDUE dx). 
0 
Substituting for (JE dx) from the energy equation (equation 12), we get 


L 


dx |[y — | M? 2 


( 
(GD po uo) up ;) by (28a) 


(GD po uo) [(Cp To + 4 (Cp Tr + 4. (28b) 
(28c) 


: (GD po uo) [Cp Ts, = Cp Ts,]. 
Inspection of equation (28) shows that the electrical power output is represented by the 
difference between the total inlet enthalpy, Wo = (GD po uo) (Cp To + 4), and the 
total reject enthalpy, W, = (GD po uo) (Cp Ty + 4 u%, S?). The expression for efficiency 
is then obtained by taking the ratio of W, to Wo, viz., 


(29b) 
(29c) 
It is thus seen from the expression of efficiency that the generator has an efficiency equal 


to the Carnot efficiency which is characterized by the inlet and exit stagnation temperatures, 


Ts,, and Ts,, respectively. 


27 
and 
| 
(27) 
Le 
dx 
| 
n=1-—2 (29a) 
y—l 2 
| | 
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The expression for electrical output power density, (we), is given by dividing the ex- 
pression for electrical power output, (W,), given by equation (28), by the total volume, 
(GDL), of the magnetic field—fluid interaction section of the duct, viz., 


Po Uo 9 ( ‘ 
We U5 (30) 


9 
po uo 9 Y 0 


is the input power density. 

To obtain the exit flow velocity condition which would result in maximum efficiency, 
we differentiate the efficiency expression (equation 29a) with respect to S; after substituting 
the expression for ¢, as a function of S; from equation (22), and equate the result to zero. 
We get the following expression for the exit velocity, S;, in terms of the load factor, a. 
and the inlet Mach number factor, do, viz., 


PA 
y+1 
This expression for S; is also (by equation 22) the expression for S; at exit Mach one for 
any given load factor, (a), and any given inlet Mach number factor, (40). In other words, 
maximum efficiency for any load will always occur when the exit velocity condition cor- 
responds to Mach one; i.e., the thermodynamic choke line, (¢, = 1/y). 

It can also be shown, from equation (22) that for subsonic inlet Mach numbers, 
(Mo < 1), the normalized velocity S > 1, and that for supersonic inlet Mach numbers, 
(Mo > 1), the normalized velocity S < 1. This is of particular significance if we again 
examine equation (23) which gives the expression for the normalized length, (@), in terms 
of the normalized velocity, (S), at any plane along the generator duct. We can see from this 
equation that if the velocity S < aor S < e, then the channel length, (4), goes to 0 or — 2%. 
Physically, this means that shock waves would occur for these particular load conditions. 
Since e < | anda < e, it follows that S must be > (e < 1) for a shock-free flow throughout 
the duct. This is always the case for subsonic inlet Mach number (subsonic flow) where 
S > 1, but is not true under all load conditions for a supersonic inlet Mach number (super- 
sonic flow) where S < 1. 


3. MAXIMUM EFFICIENCY FOR SUBSONIC-FLOW, CONSTANT-AREA, 
SINGLE-STAGE MHD GENERATOR 
If we substitute the expression for the exit velocity, S;, as given by equation (31) (with 
¢, = 1/y) into the expression for efficiency as given by equation (29a) we get the following 
expression for the efficiency in terms of the inlet Mach number factor, (¢0), and the load 
factor, (a): 


1/2]2 


2 
2 


28 
where 
0 UO © l 
(° ) do 1 5 
| 
| 
do 
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By differentiating with respect to do, we find that for subsonic flow the maximum occurs 
at input Mach number zero, and that under these conditions the ultimate conversion effi- 
ciency for the generator is y — 1/y times the electric efficiency, e, i.e., the ultimate efficiency 
of the subsonic MHD generator with a monatomic plasma cannot exceed 40 per cent of 
the electrical efficiency, viz., 40 per cent of the ratio of load voltage to open circuit voltage 
(voltage at an infinite load resistance). 


| 
| 


Efficiency, 


04 O85 0-6 
Inlet Mach Number, Mo 
Fic. 4. Efficiency as a function of inlet Mach number. 


ly =1-667 
|M,= 


Cy Tyo) 


Power density , we/A (A 


Inlet Mach Number, M, 


Fic. 5. Effect of inlet Mach number on power density. 


But the equation for S, in terms of No @, tells us that inlet Mach zero means a generator 
of infinite length; hence, zero power density. However, if we take the more realistic case 
of an inlet Mach number of 0-1, and an electric load voltage to open circuit voltage ratio 
of 0-88, the conversion efficiency drops to 28-6 per cent. 
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In Figs. 4 and 5, we present curves showing the variation of efficiency and normalized 
output power density versus inlet Mach number for a fixed exit Mach one and at various 
output to open circuit voltage ratios (e = 0-1, 0-3, 0-5, 0-7 and 0-9). The power density 
curves are normalized with respect to (B* o Cy Ts,). 

Note that for all load conditions the efficiency continuously drops with an increase in 
inlet Mach number, but that the output power density reaches a maximum for e = 0-9 
at inlet Mach 0-875. For other values of e, there is no output power density maximum but 
with the highest value of power density occurring at inlet Mach one. 


2 
niet Mach Number, My 


Fic. 6. Length to reach Mach 1-0 at outlet 


In addition, for the reader’s convenience, we have used the equations presented in this 
paper to obtain normalized plots of the following useful quantities important in the design 
and calculation of MHD generator performance. 

Figure 6 gives plots for the normalized length, No @, of the MHD generator as a function 
of input Mach number and for various values of e(e = 0-3, 0-5, 0-8 and 0-9: see equation 
23). 

Figure 7 gives plots for the normalized reject temperature as a function of input Mach 
number and for various values of e(e == 0-1, 0-3, 0-5, 0-8 and 0-9: see equation 28(b)). 

Figure 8 gives plots for the normalized exit velocity as a function of inlet Mach number 
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Fic. 7. Dependence of temperature ratio on inlet Mach number. 
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Fic. 8. Velocity ratio vs. inlet Mach number. 
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and for (e = 0-5 and e = 0-9: see equation 31). It is apparent from these exit velocity plots 
that the exit velocity is not a very sensitive function of load. 

Figure 9 gives plots of the normalized exit pressure ratio as a function of inlet Mach 
number e = 0:3 and e = 0-9. Again it is apparent from these pressure plots that the exit 
pressure is not a very sensitive function of load. 


Pressure ratio, 


0:4 0-5 0-6 
Inlet Mach Number , Mo 


Fic. 9. Pressure ratio vs. inlet Mach number. 


Let us pause here for a moment and remember that in the calculations leading to the 
efficiencies quoted we have neglected: 


(1) 


(2) 
(3) 


So 


The power necessary for electric field excitation which must be maintained at a low 
percentage of the output (say 1-5 per cent compared to | per cent for a conventional 
dynamoelectric generator). 

The loss due to viscosity, thermal conduction and radiation from the plasma. 

The Joule losses in the electrical leads, and any losses due to thermal conduction 
through the electrical leads. This degradation loss, and that of (2), above, can be 
limited by proper design, possibly to 10 per cent of the total output. 

The thermal energy necessary to raise the temperature of the cathode electrode 
to permit the electrons constituting the load current and flowing from cathode to 
plasma to overcome the cathode-surface work-function barrier. 

The losses due to energy which must be spent by the electrons, constituting the 
load current and flowing toward the anode, in order to penetrate the work-function 
potential barrier at the anode electrode. This loss is very similar to the cathode 
work-function loss and is of the same order of magnitude (a high anode work 
function is desirable to minimize back-emission current). 

End losses which occur in the form of eddy currents as the fluid passes into and 
out of the magnetic field—fluid interaction region. 


4. DISCUSSION 
far, we have discussed the reasoning behind the emergence of the MHD electric 


power generator concept and its ultimate heat source or sources. We have also presented 
the expression for efficiency and power density and shown that the theoretical limit on the 


0-9 + + + + + 4 + + + +- 
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heat to electricity conversion efficiency is 40 per cent for a single-stage subsonic machine 
of a constant cross-section and an infinite length supplying an infinite resistance load. 
We have also assessed the various losses which can occur but which were neglected in this 
fundamental analysis. 

In addition, we have shown that the power density decreases with increase in efficiency, 
and that for the condition of exit Mach one there exists for the load factor e = 0-9 an inlet 
Mach number (0-875) at which an optimum power density occurs. Finally, we have shown 
that for given geometry, load inlet, and exit Mach numbers, the power density is directly 
proportional to the square of the magnetic field intensity, the electrical conductivity, the 
specific heat at constant pressure, and the inlet stagnation temperature. 

These latter quantities, together with the necessity of extracting large current densities 
from the cathode for the large power density requirement, possess all the elements of 
the problems facing research workers in the field of magnetohydrodynamic energy con- 
version: problems which must be solved before the MHD generator can realize its full 
potential. 

The magnetic field intensity is usually limited by the power requirement for the magnet 
field coils which, for an MHD generator employing magnetic metal poles, is mainly deter- 
mined by the spacing between the north pole and south pole faces of the magnet which in 
turn must be large enough to prevent viscous effects from becoming important. 

For very small generators with output capacity of | to 100 kW, permanent magnets or 
electromagnets may be used, but these must be cooled to temperatures below their magnetic 
material curie point. With permanent magnets there is no power consumption, while with 
electromagnets the power consumption in the coils may be limited to 25 per cent of the 
power output for MHD generators having capacities of the order of hundreds of kW. 
For MHD generators having capacities of the order of hundreds of thousands of MW 
and air gaps on the order of a foot, air-core electromagnets are visualized. The order of 
magnetic field intensities realizable with these arrangements range from 0-5 Wb/m? or 
5000 G to 2 Wb/m? or 20,000 G. Magnetic field intensities on the order of 10 Wb/m? or 
100,000 G are a research goal* both for this field and that of fusion reaction. 

The desirability of high electrical conductivity, high specific heat at constant pressure, 
and high inlet stagnation temperature in order to raise the output power densities to the 
order of tens or hundreds of MW/m*, as well as the requirement of producing high emission- 
current densities from the cathode (on the order of millions of amp/m? or hundreds of 
amp/cm?), embodies the following problems which are most difficult to solve: 


(1) How to maintain the structural strength, thermal insulation and electrical in- 
sulation properties of the channel containing the ionized gas or vapor flow at 
temperatures ranging from 2000°-5000°K, without excessive oxidation or evapora- 
tion of the channel material. 

How to efficiently ionize a gas or vapor having a high specific heat, hence a low 
atomic weight and a high ionization potential. In other words, how to obtain effi- 
ciently the highest possible electrical conductivity of the gas at temperatures which 
present-day containment materials can withstand (2000°—-2500°K). 

How to extract the required high current densities from the electrode material at 
temperatures which would not cause high rates of evaporation of the electrode 


* Recent discoveries by the Bell Telephone Laboratories of the niobium-310 super-conducting alloy 
brings this goal much closer to realization. 
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material, or conflict with the temperature which the flow-containment material 
can withstand. 

The state of the art in regard to structural materials presents possible solutions in 
the refractory materials SiOz, AlyOg, ZrOe, HfOz, and BN which have melting points of 
1983°, 2353°, 2923°, 3053° and 3273°K, respectively, which have good oxidation resistance 
and good thermal-shock resistance, and which can be operated up to the temperature limits 
of 1673°, 2223°, 2573°, 2573° and 3053°K for BN (with perpendicular crystal orientation), 
respectively, without appreciable volatility of the material. These materials also mantain 
their thermal and electrical insulation resistance at fairly high operating temperatures. 
Graphite and some of the carbides, such as ZrC, TaC and HfC, (1) have higher melting 
points (~-4073° (for graphite) and 3783°, 4133°, 4183°K for the three carbides, respectively), 
(2) high temperatures at which appreciable volatility begins to occur (2973° for graphite, 
2513°, 4053° and 2513°K for the three carbides, respectively, under non-oxidizing atmo- 
spheres), and (3) good thermal-shock resistance. But they have extremely poor oxidation 
resistance and are electrically conducting or semi-conducting even at room temperature. 
Other interesting high-temperature ceramics are the mixed oxides, CaZrO3, SrZrO3 and 
BaZrOgs with melting points of (2573°, 2973°, 2973°K, respectively) and excellent oxidation 
resistance: no data regarding their other pertinent properties are currently available. 

So far, graphite and the carbides ZrC, TaC and HfC (although not suitable as contain- 
ment materials) offer the best solution to the cathode material because of their good resist- 
ance to thermal shock and their good thermionic emission properties at temperatures com- 
parable to the containment material temperatures without excessive evaporation. This 
solution is, however, limited to current densities below, or about one million amp/m” 
or 100 amp/cm*”. 

However, in regard to the problem of electrical conductivity and ionization of the gas, 
the present state of the art in experimental research has followed one workable approach 
to the partial ionization of air or the low atomic number noble gases. This approach is 
known as “seeding” the gas; i.e., introducing into the hot stream a quantity of about 1-2 
per cent of a more easily ionized vapor such as potassium or potassium carbonate which 
then evaporates and is thermally ionized by extracting sufficient amounts of energy from 
the main gas stream. In the MHD generator experiments made using this seeding approach, 
[2] the electrical conductivities achieved were, (1) 350 mho/m with air and carbon at a stag- 
nation temperature of 5500°K; (2) 65 mho/m with argon at a stagnation temperature of 
3260°K; and (3) 47-5 mho/m with flue gas at a stagnation temperature of 3030°K. These 
reported conductivity values when compared to those of copper used in most dynamo- 
electric machines are lower by a factor of 10°-10®. This would mean an internal volume 
of the MHD generator of 10° times that of a copper winding in an armature operating at 
a peripheral speed equal to the flow velocity. However, with the high flow velocities possible 
(1350, 688 and 820 m/sec in the above-mentioned experiments) this factor can be decreased 
to about 10%-10". 

During these experiments on MHD generators, the maximum power densities achieved 
were 63 MW/m® with air and carbon at an inlet stagnation temperature of 5500°K, and 
20 MW/m* with argon at an inlet stagnation temperature of 3260°K and 3 MW/m® with 
flue gas at an inlet stagnation temperature of 3030°K. The open-circuit voltages obtained 
were 31, 55 and 43 V at velocities of 1350 m/sec, 688 m/sec and 820 m/sec, respectively, 
and at magnetic field intensities of 0-860 Wb/m?, 1-4 Wb/m? and 1-4 Wb/m2, respectively. 
The short-circuit currents were 150, 800 and 370 amps, respectively. The mass flow was 
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0-45 kg/sec, 0-3 kg/sec and 0-5 kg/sec, respectively, for channel dimensions of 1 x 5 » 5 
cm, 2:5 « 7-5 « 50cm and 4 x 12 * 40cm. The insulator materials used in the first and 
last generator were silica and zirconia, respectively. Graphite was used as the electrode 
materials in both experiments. 

These experimental units could only be tested for durations of 9, 5, and 240 sec, re- 
spectively; the last for a longer time because of its relatively low power density and rela- 
tively low wall temperature of 2975°K, compared to the temperature of excessive volatility 
of zirconia of 2570°K. 

Although the efficiencies measured during these experiments were very poor (below 
one per cent) they served to demonstrate the feasibility of an MHD generator having 
appreciable output power densities with present approaches to ionization and the use of 
existing materials. 


5. CONCLUSIONS 

With the results of these experiments before us, we realize that the feasibility in the 
near future of an MHD generator having the desirable power densities together with long 
durable life and using existing materials necessitates greater and continued research efforts 
to explore other approaches to the question of partial ionization of the gas which would 
lead to reasonable electrical conductivity of the gas (on the order of 500 mho/m) at reason- 
ably low temperature (stagnation temperature of around 2000°K) and for appreciable 
dynamic flow conditions (inlet pressure 0-1 atm). 

If we are to limit our ionization approach to the seeding technique, without the develop- 
ment of a new refractory insulation material capable of withstanding temperatures over 
3000°K for a long period, then the MHD generator will be limited to applications where 
only large pulses of power of short duration are needed. 

In conclusion, energy conversion by utilizing the MHD electric power generator concept 
appears to be best suited for generating power outputs in the multimegawatt range using 
heat sources such as the closed-cycle very-high-temperature nuclear reactor system, open- 
cycle rocket engine, and ultimately the energy released from a controlled thermonuclear 
fusion. The importance of these energy sources justifies the interest in research in the field 
of MHD energy conversion. 

Overall conversion efficiencies in the range of 25 per cent seem realizable, but power 
densities of tens of MW/m® or tens of kW/kg are research goals which must await the reali- 
zation of high electrical conductivity of the ionized gas or plasma at temperatures com- 
patible with present-day structural or electrode materials, or the development of new 
materials in the future. The research field is open to new approaches to efficient ionization 
and to the current extraction problem. 
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EFFICIENCY OF A NUCLEAR-THERMIONIC GENERATOR 
R. W. Pipp* 


INTRODUCTION 


WORKING within the limits imposed by currently available materials and techniques, the 
cesium-filled thermionic generator driven by fission heating should be capable of producing 
electric power at a thermal efficiency in excess of 20 per cent. To demonstrate this point, 
the design criteria for a generator operating at an arbitrarily selected operating point are 
presented in this paper, along with a commentary on the validity of the assumptions used. 
The design calculation is necessarily idealized. However, at each stage it is possible to see 
how a required change in parameters would affect the predicted performance figures. 


MATERIALS AND GENERAL CONFIGURATION 


Figure | portrays in simplified form the generator configuration. The central cylinder 
is a uranium-bearing fuel element which also serves as the thermionic cathode and as a 


INSULATOR 


STEM 


L—— ANODE ( T,7 300 °C) 
|_—— CATHODE ( 1800 °C) 


CESIUM GAS 


-————— CESIUM LIQUID ( Tos" 250 °C) 


Fic. 1. Sketch of nuclear-thermionic generator. 


conductor of the electric current. Surrounding the fuel element is a container which acts 
also as the anode. A gap of 1 mm or less separates the fuel element from the anode. Placed 
in a separate zone is a pool of cesium metal. An electrical insulator serves to complete the 
enclosure. Electric power is delivered to the load via connections to the cathode and anode, 
which are the poles of the generator. 

No scale factor is given, other than the required cathode-anode spacing. In the cal- 
culations given below, performance is calculated on the basis of 1 cm? of fuel-element surface 


* John Jay Hopkins Laboratory for Pure and Applied Science, General Atomic Division of General 
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area. It is assumed that a sufficient number of modules, taken in aggregate, form a critical 
assembly. The fissioning process liberates sufficient heat to raise the fuel element surface 
temperature to 1800°C. A heat exchange system must be provided to cool the anode to 
300°C. The cesium reservoir, which could be common to all modules, is maintained at 
250°C. 

Table | illustrates some of the essential attributes of the materials. The material selected 
for the cathode is a solid solution of uranium carbide in zirconium carbide. The solution 
contains a fissionable material and is a good electrical conductor. The melting point of UC 
is 2450°C and that of zirconium carbide is 3500°C. The value of the work function of the 
solution for thermionic emission is 3-3 V. The selection of nickel as the anode material is 


arbitrary, except that it is one of the good electrical conductors which can operate at inter- 
mediate temperature. The essential property of the anode is the thermionic work function, 
|-8 V, which is determined by the coating of cesium on the surface which will be formed at 
the operating temperature selected. The work functions are the determinants of electrical 


performance 


TABLE |. NECESSARY PROPERTIES OF CATHODE 
AND ANODE MATERIALS 


Cathode Anode 
Material Soa Cs on Ni 
Work function, (V) 3°: 1:8 
Optical emissivity 0-2 


infrared radiation is the dominant form of thermal power loss. The amount of power 
radiated is controlled at the total optical emissivities of the two surfaces. Since the emissivity 
of the cathode is uncertain, the benefit derived from considering it is not used. The emissivity 
of the anode surface, 1/5, is used as the effective emissivity in the calculation. The measured 
emissivity of nickel at 300°C is about 1/10, but an allowance is made for the effects of cesium 
coating and of possible contaminants. 


OPERATION OF THE CONVERTER 


Figure 2 shows the electrostatic potential for an electron in the generator. At the left 
is a uniform level corresponding to the potential energy of the electron in the cathode 
conductor. To emerge from the cathode into the gap, the electron must overcome a high 
work function barrier, ®x. At the surface an electric emission current density of J/x amp 
cm? is indicated. Also, it must be assumed that a material current, Jo, is produced by sub- 
limation from the surface. The sublimation rate is the principal determinant of generator 
life. 

If the gap were maintained in a vacuum, there would be a much higher potential barrier 
within it as a result of free-electron repulsion, and the maximum current would be limited, 
because of this effect alone, to the order of mamp/cm*. However, the cesium vapor intro- 
duced into the gap is partially ionized, and the positive ion density in the gap neutralizes 
the electron space charge. As a consequence, the electrostatic potential formed in the gap is 
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shown, somewhat oversimplified, as a straight line connecting the potential levels at the 


cathode and anode surfaces. 
When the electron leaves the gap region and enters the anode it must descend through a 
potential drop ®,4, the anode work function. Whatever potential energy remains, the 
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Fic. 2. Electrostatic potential diagram. 


difference between the internal levels in the cathode and anode, can be impressed on the 
external load resistance. It is clear from this point that the energy loss corresponding to the 
potential drop ®4 corresponds to the thermal exhaust. The loss should be minimized, 
obviously, but there is a very definite lower limit to the exhaust energy. 

Using the electrostatic potential diagram, the electric output characteristic can be 
deduced. This characteristic is shown in Fig. 3. In a series of satellite figures, the forms of 


@"4) 


Fic. 3. Current—voltage diagram. 


the potential diagram are shown at points corresponding to the specific output points. 
Che variable in the system is the output voltage, V. In the power-generation cycle between 
short circuit (V = 0) and open circuit (current = 0) the voltage, V, can be adjusted simply 
by varying the value of the load resistance. Outside this range, to obtain either lesser or 
greater voltages, a battery must be impressed in the circuit. 


2 
‘._AMP/CM A 
zy 
| = 
i 
V vouts 


R. W. Pipp 


In all cases where the voltage level at the anode surface is less than the voltage level 
at the cathode surfaces, the current is constant, independent of the output voltage. This is 
true because the highest barrier the electron must overcome is the cathode work function. 
Having traversed this barrier, the electron has only to travel downhill in potential. A unique 
point is reached when the anode and cathode surface potential levels are evenly matched. 
his is the point corresponding to the discontinuous break in the current voltage character- 
istic. As the voltage, V, and likewise the anode potential level, is raised still higher, the 
highest barrier to electron transit is posed by the anode, not the cathode. For this con- 
dition, the current decreases exponentially with increasing voltage. 

It is evident almost by inspection that the maximum power point is at, or near, the 
break-point. Until this point is reached, an increase in load voltage is obtained with no re- 
duction of load current. Beyond this point, increased load voltage is obtained only at the 
expense of a sharp decrease in load current. The output voltage at the break-point, or 
maximum power point, is seen, by identity, to be the difference in the two work functions, 
D 


CALCULATION OF EFFICIENCY 


The electric performance data shown in Fig. 4 are calculated assuming operation at the 
maximum-power point. Given a cathode operating temperature of 1800°C and a work 
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AMP/CM? 
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P INPUT 8x33 26 WATTS/CM 


P Loss 8x18 14 WATTS/CM* 


2 
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Fic. 4. Flectric performance of the generator. 


function of 3-3 V, the saturated emission current is 8 amp/cm?. The output voltage is 3-3 V 
minus 1-8 V, or 1-5 V. The output power density is 12 W/cm?. Also important to the effi- 
ciency calculation to follow is the total electric power input, which is the power required 
to drive the current over the cathode work function barrier. This is 26 W/cm”, correspond- 
ing, in thermoelectric terminology, to the Peltier cooling at the surface of the heat source. 

Table 2 lists the major forms of thermal loss. The dominant form of power loss is by 
radiation. Black-body emission at 1800°C (o7“) is 100 W/cm®. Using an effective emissivity 
of 1/5, that loss is reduced to 20 W/cm?. Heat conduction through the plasma is estimated 
from data available for a rubidium gas; the figure is unreliable but sufficiently small that 
a possible error is not likely to affect the conclusions. It is taken to be 1-5 W/cm?. Losses 
in the stem supporting member for the fuel element are unavoidable, due to the physical 
relationship between thermal and electrical conductivities in metals. When the stem shape 
is optimized for conduction and joule-heating losses, the net loss is usually about 10 per 


10 
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cent of the net output power. The loss is therefore quoted here per unit area of operating 
cathode surface area. 


TABLE 2. THERMAL LOSSES IN THE SYSTEM 


Loss 
Source 
(W/cm?) 
Cathode radiation 20-0 
Plasma conduction l 
Stem (conduction and joule) |- 


Total 23-0 


The data concerning the electrical performance and the thermal losses may be com- 
bined to yield a predicted efficiency. The total power input is 49 W/cm?, consisting of 26 
W/cm? electrical input and 23 W/cm? of thermal losses. The output power density is 12 
W/cm2 of cathode surface area, resulting in an efficiency of 12/49, or about 24 per cent. 


DISCUSSION 


Although the performance of the system could be improved, such improvements must 
await advances in the performance of available materials. Even in the example described, 
current materials are being pressed to their limits. A notable improvement would be ob- 
tained by lowering the anode work function. Improvement here is possible, but there is a 
limit to the net gain to be expected. One of the implicit assumptions in the calculations has 
been that the current is emitted only by the cathode. When the anode work function is 
reduced nearly zero, this assumption is invalid, for even at the low anode temperature 
assumed, some emission will take place. The anode work function is, by mechanical analog, 
a valve which prevents the machine from running in reverse; it is the mechanism which 
prevents the generator from operating in excess of the Carnot thermodynamic limit to 
efficiency. The limit for the present example is readily found by postulating that the anode 
current (or back current) should not exceed 10 per cent of the forward current. This con- 
dition would be met if the anode, held at 300°C, had a work function of 1-0 V. The rest of 
the parameters being held constant, the output voltage would then rise to 2:3 V and the 
corresponding output power would be nearly 18 W/cm?. Research in the field is naturally 
being directed toward obtaining a stable, reliable anode with a work function of 1-0 V. 

It is interesting to note that if the 1-8-V anode work function is retained, then the anode 
temperature can be raised significantly before performance is impaired due to back-emission. 
The back-emission would reach 0-8 amp/cm? (10 per cent of the forward current) only 
when the anode temperature is increased to 900°C. It is this fact which has caused the 
interest in the thermionic generator for space power, since the high temperature for heat 
radiation permits the use of a small, low-weight radiator for power exhaust. 

The use of the ideal output characteristic as a basis for performance calculations should 
be questioned. In cells currently operating, the output characteristics agree excellently with 
the thermionic-electrostatic model presented when current densities are below 3 amp/cm?. 
At higher levels, the effect of the resistance of the cesium plasma is observed, with a conse- 
quent lowering of the output current below the saturated emission current. In extension, 
experiments have shown that the plasma resistance effect can be reduced by decreasing 
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the spacing below | mm. The effects of spacing are still being investigated and it is reasonable 
to expect the spacing-resistance question to be resolved in the near future. 

The critical question is reserved to the end, so that the appropriate course for further 
investigation can be identified. This is the materials question. First, it can be asked whether 
the choice of 1800°C cathode operating temperature is on a firm footing. It is, because of 
the nature of the thermionic emission laws. At 1700°C the maximum current approaches 
2 amp/cm®, certainly a lower limit for useful output power densities in comparison with the 
thermal losses. At the other extreme, the current at 1900°C would be about 30 amp/cm*. 
Using present techniques this is an extreme upper limit to the current density that can 
suitably be space-charge neutralized. Also, the electric conduction losses within the fuel 
elements become severe at this level of current. Thus, the practical range for cathode 
operating temperature is quite narrowly centered about the 1800°C point selected. 

Available metallurgical data related to vaporization loss would restrict the operating 
lifetime at 1800°C to about 1000 hr. In 1000 hr the loss of fuel would be about 10 mg/cm” 
of surface area. This figure represents an extreme value from the standpoint of practical 
reactor design, since it represents free evaporation into a perfect vacuum and the cesium- 
filled gap is not a perfect vacuum. Also, the evaporation is not free, in that evaporated fuel 
must be supplied to the surface by diffusion within the fuel body. Additionally, it is not 
excluded that further stabilization of the polycarbide element can be achieved. 

In final summary, the 1000 hr life that can be achieved today is not suitable for reactor 
design. The key to a program leading to a successful reactor experiment lies in an extension 
of the high-temperature metallurgical research currently underway. 
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GENERALIZED CALCULATION OF 
THERMOELECTRIC EFFICIENCY 


M. Power and R. A. HANDELSMAN* 


INTRODUCTION 


THERE exist several methods for calculating the efficiency of thermoelectric generators. In 
the well-known method of Telkes [1], Joffé [2] and others it is assumed that the Seebeck 
coefficient S, electric conductivity « and thermal conductivity « are constant with respect 
to temperature and the average values of these quantities are then used in the final results. 
In general this method is inaccurate. An exact calculation of thermoelectric efficiency has 
been carried out by Sherman, Heikes and Ure [3] by means of high speed computer tech- 
niques. Their method requires that numerical values of S, o and « be known throughout 
the temperature range of interest. Each of these quantities depends upon the doping of the 
thermocouple materials. Thus the problem of optimizing the doping would involve some 
sort of iterative procedure. Finally, the infinite-staging approach of Zener [4] provides an 
exact upper bound to the thermoelectric efficiency [3] yet the optimization problem is 
considerably less difficult than in the preceding method. 

In this paper the infinite staging method is used to derive a set of “universal curves” 
from which one may obtain the maximum efficiency nm for any thermocouple whose 
branches are extrinsic semiconductors of the same base material. The parameters of the 
study involve only the following fundamental physical properties of semiconductors: 
electron and hole conductivity mobilities and density-of-states effective masses m* 
and lattice thermal conductivity reduced energy gap (= E,/4T) and the scattering 
indices Ss» and Sp. 

A required minimum value of &, is also defined by a set of “‘universal curves”. These 
curves enable one to determine the temperature at which the onset of mixed conduction 
OcCCUTFS. 

The three distinct cases of interest are as follows: 


|. If the semiconductor remains extrinsic throughout the entire temperature range 
then m» depends only upon the scattering indices and the local values of the dimen- 
sionless “‘material parameter’, given by 


* 3/4 
my Mp 73/2 (1) 


(Ln 


8 = const. > ( 


KL m2 
where ™m is the mass of a free electron and 7 is the absolute temperature. 
If mixed conduction occurs then y» depends in a complicated fashion upon Sy», 


Sp and the local values of both f§ and &g. 
For the hypothetical case in which «,z is negligibly small ym depends only upon 


Sn, Sp and the local values of &g. 


* Bell Telephone Laboratories, New York, New York. 
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THERMOELECTRIC EFFICIENCY 
The over-all efficiency of N thermoelectric stages in thermal cascade is given by 
” I (1 m) (1 — 2)... Cl Nn) (2) 


where »; is the efficiency of the i-th stage. If the temperature difference across each stage is 
sufficiently small then 
Ni e(7;) 47;/T; (3) 
where 
(1 + ZT)! 


(7) 
(1 + 


and where Z is the “figure of merit” given by 
Sp — Sn 
(Ky on)! (Kp cp)! 2 

If one takes the limit as N + «©, keeping fixed the temperatures of the hot and cold 

junctions then 


(6) 


exp 

T 

where 7; and 7) are the temperatures of the hot and cold junctions respectively. It may be 
shown that the efficiency is always increased by breaking up the temperature difference 
into two stages [3]. Thus equation (6) gives an exact upper bound on the thermoelectric 
efficiency. It has been found that »* may be closely approximated by a small finite number 


of stages. 


THERMOELECTRIC COEFFICIENTS 


It is first necessary to assume that the mean free paths of electrons and holes have an 
energy dependence of the form 


KE, T) (E/AT)S (7) 
where E is the energy, 4 is the Boltzmann constant and s is a constant scattering index. Then 
(8) 


where jo is the mobility extrapolated to T = O°K. Table | gives the theoretical values of 
s and r for various scattering mechanisms. In the case of mixed scattering a relation of the 
form of equation (7) is often used as an approximation. 


TABLE |. THEORETICAL VALUES OF S AND Fr FOR 
VARIOUS SCATTERING MECHANISMS 


Scattering mechanism 


Impurity ions 

Ionic lattices at high temperatures 
Atomic lattices (classical semiconductors) 
Constant frequency vibrations 


NNNN 
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According to semiconductor theory [5, 6], the thermoelectric coefficients for an extrinsic 
semiconductor are given by 


(4/e) (A 
Cepuf(€) 
+ L(k/e)? oT 
where 
electronic charge 
reduced Fermi level 
2(2am* &T/h?)3/2 
effective density of states 


h = Planck constant 


(9) 
(10) 
(11) 


[he dimensionless quantities f, A, and L are given in Table 2 as functions of the Fermi 


integrals 


x8 dx 
exp(.x &) 


TABLE 2. DIMENSIONLESS THERMOELECTRIC PARAMETERS 
IN TERMS OF FERMI INTEGRALS 


F,(§)/s! 
exp ( 
fexp (— &) + 1] Fo(§) 


2[exp (— + 1] 4? 
lexp F(§) 


The classical approximation (£€ 1) gives 
f(€) = exp 
A=L=s 


EXTRINSIC SEMICONDUCTORS 


The figure of merit for an extrinsic semiconductor is 


Z = = T-\(A €)?/(L + A) 
where 


A= 
and 
B = 


= 8-952 « 10-6 (m*/m)/? (7/300)°/? 


= 
0 
Lie 
61 
s >0 
A | 
| | 
L 42 
(14) 
(17) 


48 M. Power and R. A. HANDELSMAN 


Chasmar and Stratton [7], using Fermi-Dirac statistics, have determined graphically the 
maximum of Z with respect to € for various values of 8 and s. 
On the basis of classical statistics the maximum figure of merit is given by [7] 


ZmT = — 2)/L 
48 exp(é, + s) [| + LB exp(é + 5)] 


where the optimum Fermi level is defined by the transcendental equation 


exp( S) 2LB ( 19) 
and 
(20) 


In Fig. | the exact values of Z»,7 as a function of 8 are compared with the values obtained 
from the classical approximation. For the range — 1 < s < 0, which includes virtually all 
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Fic. 1. Variation of the maximum figure of merit with 
material parameter and scattering index. 


the present thermoelectric materials, these values agree to within 5 per cent. This agreement 
is fortuitous since the classical approximation tends to underestimate S while it over- 
estimates o. As shown in Fig. 2 the classical approximation for £9 is in considerable error 
for small values of 8. However, the classical values of Zm and & are exact for 8 > 1. 

In general the conditions which maximize the figure of merit of a thermocouple differ 
from those which maximize the figures of merit of the branches taken individually. To 
obtain these conditions the classical approximation may be used without incurring serious 
error except for s > 0 and 8 <1. 
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Stratton [8] has purported to show how the thermocouple may be replaced by a hypo- 
thetical single material having certain “‘average” parameters. However, he employs the 
erroneous assumption that 

LB exp(£o) > | 


This condition cannot in fact be satisfied since 9 becomes increasingly negative as f in- 
creases and the left-hand side of the inequality has an upper bound of the order of unity. 
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Fic. 2. Variation of the optimum Fermi level with 
material parameter and scattering index. 


The figure of merit for a thermocouple whose branches are extrinsic semiconductors is 
given by 

En Ap - Ep 
+ (Lp + Ap)? 


ZT | An 
(Ln 


| Lp Ln | < min (Lp, Ln) 
then, as shown in the appendix 


ZmT an) (Enc an 2)/Ln 
4B exp(é,no + 5) [1 + Ln B explEng + 
where 
B (Bn By)! Sp) 
and 
an (3Ln Lp), 4Ln, (Ln : 
The optimum Fermi levels are defined by 


Exo exp( 2an Ln 
and 

= Zay Ly B 
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and | 

Bp) (28) 

It may be observed that Z,,7 depends upon temperature only through the material 
parameter. 


2 * *\ s \ 5/2 
&-95) 10 (fen ftp)! 1 T (29) 
KL 300 


<p, Varies inversely with temperature for pure semiconductors; it is essentially independent 
of temperature for many alloys [9]. The mobilities vary as 7’, where the values of r for vari- 
ous scattering mechanisms are given in Table 1. Thus the material parameter has a tempera- 
ture dependence given by 
Bo(T/To)” (30) 

where 

rp) — | for pure semiconductors (31) 
and 

rp) for alloys (32) 


Fic. 3. Universal efficiency curves. 


Letting Z,7 — F(8), equation (6) may be written in the form 


l exp[—¢(f, Bo)/p] 


where 


B 
[1 + — 1 dB 
[I + F(A)P? +1 B 


(8, Bo) 
For the case of equal scattering indices (sp = Sp = s), 6(8, 0-02) has been integrated graphic- 
ally for 0-02 < 8 < 10 with s as parameter. Figure 3 exhibits the variation of ¢ with 8. 
The choice of 8o is unimportant since 


$(B2, 81) = 4(B2, Bo) — $(B:1, Bo) (35) 
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The efficiency is obtained simply by substituting in equation (33) the value of ¢ obtained 
from Fig. 3. 
For the special case p = 0, ZmT is independent of temperature so that 


ym l (To 
where « is defined by equation (4). 
If 8 is sufficiently small then €,9 © &9 © 0 and 
ZmT ~ 48 exp(s) 
where 


u(T) = [1 + 48(T) exp(s)]!2 


u du 


where 


uo u(T9), uy u(7}). 


AMBIPOLAR DIFFUSION 


At high temperatures the onset of mixed conduction causes an increase in the thermal 
conductivity and a corresponding decrease in the Seebeck coefficient, thereby reducing 
the figure of merit. Neglecting any transport of thermal energy by excitons, the contri- 
butions to « at high temperatures are given by [10] 


KEL (4 e)? T[on Ln Op Lp (on Op a) (Ln Lp 


LATTICE ELECTRONS HOLES AMBIPOLAR DIFFUSION 


where 


e[Cn en exp(En) +- Cp Pp exp(- En — Eq)] (42) 


If the concentration of minority carriers is small enough that op < oy,» for n-type material, 
Or on < op for p-type material then 


Kn KL (4 onT [Ln (Bp Bn) E(&q) exp( 2£n)] (43) 
and 
Kp + (4/e)? opT[Lp + (Bn/Bp) exp(—2£p)] (44) 
where 
E(&q) (Ln Lp + & exp(—&q) (45) 
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Similarly the Seebeck coefficients at high temperatures are given by 


Sy (4/e) [An 4 (By Bn) exp( 
and 
(4/e) [Ap (Bn/Bp) Bp(&g) exp(—2£p)] 
where 
Bi(Eg) — (Ai + exp(—&g), i= 2, 


CRITICAL TEMPERATURES 


The most important effect at high temperatures is the rapid increase in thermal con- 
ductivity due to ambipolar diffusion. Neglecting the corresponding decrease in the Seebeck 


coefficient, the figure of merit is given by 


2T (49) 
(Ln An p= E (Lp 


Ln min( Ln) 


then it may be shown that 
* 
4p" T 


Fic. 4. Universal curves for the determination of critical temperatures. 
where Z* would be the maximum figure of merit if both thermocouple branches were ex- 
trinsic, as given by equation (22). Thus the critical temperature is determined by the con- 
dition (Ln + Lp + exp(—éy) < (51) 
The minimum value of &j required to satisfy the inequality 
E(&q) 0-1 Z*T/4B2 


is given in Fig. 4 as a universal function of 8 for various scattering indices, again assuming 
Sn = Sp = S. Since B and &g are assumed known as functions of temperature, the critical 
temperature is thereby determined. 

The critical temperature obtained from Fig. 4 is merely an estimate of the temperature 


5? 
(46) 
(47) 
(48) 
If 
L,- 
| | 
| 
Eq | 
| 
| 
| S=-1 | 
1 | 
2 
| 
; 
0-02 0-05 10 2 5 10 


Generalized Calculation of Thermoelectric Efficiency 53 


at which Z,,7 is a maximum. The hot junction temperature may be considerably higher, as 
will be shown. 


Fic. 5. Variation of the optimum Fermi level with material parameter 
and energy gap for s = ¢ 


FiG. 6. Variation of the optimum Fermi level with material parameter 


and energy gap for s = 0. 


MIXED CONDUCTION RANGE 


For a thermocouple whose branches have equal scattering indices, the maximum figure 
of merit in the mixed conduction range is given by 


[2 — — Bexp(—2é; — 


ZmT ; 
L + exp(—& — s)/B + E exp(—2£, — 2s) 


(52) 


where &, satisfies the transcendental equation 


2p — — s) [—& + 3B exp(—2é, — 2s)] 
— [(1 — &) E + 2LB] exp(—2£, — 2s) 


1°5 
0:5 
0:02 0-05 O-t 0-2 0-5 10 2 5 10 
p 
4 
6 
8 
co 
0-02 0-05 0-1 0-5 1-0 2 5 10 


M. Power and R. A. HANDELSMAN 


Fic. 7. Variation of the maximum figure of merit with material parameter 
and energy gap for : 


8. Variation of the maximum figure of merit with material parameter 
and energy gap for s = 0. 
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Figures 5 and 6 exhibit &) as a function of 8 with &, as parameter for s | and 


0. respectively. Figures 7 and 8 show the corresponding variation of Z»7 with P and &,. 
WEL SEMICONDUCTORS 
Finally we may consider the hypothetical case in which x, is small enough that the 
Wiedemann—Franz—Lorentz (WFL) relation applies: 
K/o L(4/e)? T (54) 


Figure 9 is a reproduction of Price’s theoretical “doping curve” [11] which exhibits the 
relationship between the Seebeck coefficient and the Fermi level. The optimum of € is that 


Fic. 9. Thermoelectric doping curve. 


value which maximizes S. For a thermocouple whose branches consist of the same base 
material, the maximum value of S is 
Spn = (A/e) [try — 2)}? — In ty — 1 + — 


where 
y = &y + An + Ap 


Thus. 


‘ Wy — 2) In iy [yy — 2)]}/7} 
ZmT = Li 2) pil2 


In this case ZT depends upon temperature only through the dimensionless parameter 


= Ego/AT + A (58) 


where Ego is the energy gap extrapolated to T = 0 and 
A= £1 dE /dT + Ay + Ap 
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where d£,/dT is assumed constant. Letting Zm7T = G(y), equation (6) may be written as 
exp| ys Ys yo)] (60) 
where 
Tl + 


Wy, yo) (61 


y(To). Thus the efficiency of a thermocouple whose branches are WFL semi- 


and vo 
conductors may be obtained from a set of universal curves which depend upon the scattering 


indices and the parameters y and A. 


MELTING MELTING 
POINT OF POINT OF 
PbTe 


7 8 9 
T x 1072 


Fic. 10. Variation of material parameter and reduced energy gap 
with temperature for BizTes and PbTe. 


APPLICATIONS 


The results obtained above are now used to determine the performance of specific 
thermoelectric materials. Table 3 lists the electrical and thermal properties of BigTes [12] 
and PbTe [9,13]. The mobilities are given in cm? V~! sec~!, the thermal conductivities in W 
cm~! deg-!, the energy gaps in eV and the melting points in °K. The other quantities are 
dimensionless. 
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TABLE 3. ELECTRICAL AND THERMAL PROPERTIES Of 
Bi2TEs AND PBTE AT 300°K 


BioTes 


0-22 
0°44 
. 1620 
750 
+ 
+ + 
0-O157 0-0215 
0-242 0-161 


Eg 
Melting pt 846 1190 


* Goldsmid [12] finds the values (#i/m)?/2 430 cm2V~! sec! and 420 


see 
~ 


+ It is assumed that (mjmp)!/2/m 
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Fic. 11. Variation of the maximum figure of merit with temperature for BizTes and PbTe. 


Due to the anisotropy of these materials unambiguous measurements of the effective 
masses have not been obtained [14]. There is also some uncertainty regarding the width of 
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the energy gap in PbTe. The value quoted above has been obtained from optical absorption 
data [13]. 

[he approximate temperature dependences of 8 and &,, assuming £y constant, for 
Bio Tes and PbTe are shown in Fig. 10. It is possible then to calculate Z»7 as a function of 
temperature using Figs. 7 and 8 for PbTe and BizTes respectively. Figure 11 exhibits the 
variation of Z,T with temperature up to the melting point of each material. 


INFINITE - 
STAGE 
GENERATOR 
SINGLE - 
STAGE 
GENERATOR 
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Fic. 12. Variation of efficiency with hot junction temperature for BizTes and PbTe, 
assuming To = 300°K. 


Assuming 300°K as the cold junction temperature, the infinite-stage efficiency has been 
calculated as a function of hot junction temperature by substituting in equation (6) the 
values of Zm7T obtained from Fig. 11 and integrating graphically. As shown in Fig. 12 the 
efficiencies of BioTes and PbTe continue to increase with increasing temperature up to their 
respective melting points. These are compared with the single-stage efficiencies computed 
from the approximate formula, 


(14+ 


(62) 


where Z7 denotes the average value with respect to temperature. It may be observed that 
the efficiency of an infinite-stage generator is closely approximated by that of a single-stage 
device except for large temperature differences between the hot and cold junctions. 
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APPENDIX 
Maximum thermocouple figure of merit 
On the basis of classical statistics the figure of merit for a thermocouple is 


An En A p Sp 


ZT = > 
(Ln An)! (Lp Ap) Fe 


where 
= exp(—&i)/Pi. i n, p 
Setting 6Z7/d&; — 0 gives the following conditions for maximum Z: 
(Ln + An) X) = 4An(An — €n + Ap — Ep) 
(Lp + Ap) (1 + X71) = — An — &p) 


where 


Thus. 
In (XBp/Bn) 


It may be shown that 
41 (Ln + 


2(Ln Xn) 


1 An) | 1 (Ln An) 
2( ~n An)* 


2(Ln An) 
Alin An) | 


where 


A (Lp En) (AY) 
Thus 


In X In (1 0) Yo (A1Q) 


Combining (A3), (A6), (A8) and (A10) gives 


SAn[A n Ay 2En0 r In (By Bn)] 


$8(2Ln An) An 
where 
n on n Ay) In (Bp/ Bn) 
Combining (A8) and (A12) gives 
Eno CXP(—Eno — 5) = 2anLnB 


where 


and 
an (3Ln Ly) 


(A2) 
(A3) 
(A4) 
Ap Ap\"/* 
x “p Pp 
An 
° (A7) 
51 It 
then 
X (A8) 
| 
7 
(Ln + An) (2 + 5) = (All) 
or 
(A12) 
(A13) 
(A114) 
a6 
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Similarly, one finds 


where 
Ep S In (Bn Bp) 


and 


ap (Ly 3Lp)/4Lp 
Substituting (A14) and (A17) into (A1) then gives 


ZmT (Eno an) (EF n0 an 2) Ln 


48 exp(Eng + 5) [lL + LnB explEng + 5)] (A20) 
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ENTROPY PRODUCTION AND OPTIMUM DEVICE DESIGN 
W. H. CLINGMAN* 


Summary—The problem of optimum design is analyzed in this paper by considering the relation between 
efliciency or coefficient of performance and the local entropy production at each temperature within the 
device. A general design is considered, assuming that the volume of the device may be divided into a finite 
number of regions such that within each region the material properties are continuous and differentiable 
functions of position. Thermal contact resistance is neglected at the boundary between two regions; if 
there is current flow between two regions, electrical contact resistance at the boundary is neglected. 

The results of the calculations are presented graphically. Application of these results to various well- 
known semiconductors is discussed. 


INTRODUCTION 


Most thermoelectric devices now are based on the thermocouple circuit illustrated in 
Fig. 1. When 7; > To some of the heat which flows through the device is converted to 
electrical energy which can be delivered to a load. Alternatively, an electrical current can 


Heat flux 


Temperature=T 


Insulation 
Meta! contacts 


Thermoelectric 
material 


Af Temperature= To 


v 
Heat flux 


| 
| 


Electrical 
connections 


Fic. 1. Simple thermocouple design. 


be applied to the device making 7; < TJ» and pumping heat from the lower temperature 
to the higher. There is no reason a priori why the design in Fig. 1 should give optimum 
performance, i.e. maximum efficiency for generators or maximum coefficient of performance 
for coolers. A different arrangement of the thermoelectric materials, electrical connections, 
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and thermal insulation between the heat source and heat sink might give a better device 
by using the thermoelectric effects better. For example, it is well known that staging thermo- 
couples between the two operating temperatures improves performance [1]. 

The efficiency or coefficient of performance is very closely related to the concept of 
entropy production. Entropy is produced by the irreversible processes in the thermoelectric 
device. If these processes could be eliminated, entropy production would be reduced to zero, 
and the limiting Carnot efficiency or coefficient of performance would be obtained. 
Optimizing these latter quantities is closely related to minimizing the entropy production 


by varying device design. 

In section 2 the relationship of efficiency and coefficient of performance to entropy 
production is derived. It is possible to express efficiency or coefficient of performance in 
terms of the ratio of entropy production in the device to the power output or input. These 
general concepts are applicable to any steady state heat engine and are not limited to 


thermoelectric device designs. 
Following this general treatment, specific application to thermoelectric devices will be 


considered in section 3. 


Fic. 2. Basic heat engine 


2, GENERAL THERMODYNAMIC TREATMENT 


In this section the concept of entropy production will be applied to steady-state, static 
heat engines in general. The important features of the devices are shown in Fig. 2. Within 
the boundaries of the engine is some combination of thermoelectric material, electrical 
conductors, and insulation. A quantity of heat, Q:, from a heat source enters the engine at 
«i temperature 7}. A quantity of heat Qo is rejected from the engine at a temperature 75 
to a heat sink. There are electrical leads coming out of the device at the temperature Tp. 

The basic problem is to vary the way in which a given set of thermoelectric materials 
is utilized within the box to obtain maximum efficiency. For this it is useful to relate these 
quantities to entropy production. The local entropy production within the device will be 
considered as a function of temperature, and the efficiency expressed in terms of this func- 
tion. 

Let Po = the power output of the engine when used as a generator and P; = the power 
input when used as a heat pump. Generator efficiency and coefficient of performance of 
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heat pumps are defined as follows: 
Efficiency = » = Po/Q) 
Coefficient of performance = ¢ QO;/Py 


It is assumed that temperature is continuous throughout the heat engine volume. It is 
assumed that at each temperature T between 7; and 7» there is one and only one isothermal 
surface Sy. In appendix B it is shown that for the purpose of optimizing device design 
it is not necessary to consider cases where there is more than one isothermal surface cor- 
responding to the same temperature. Let nr be a unit vector normal to S7 and pointing 
in the direction of decreasing temperature. Let F zt/eJ, where J is the current density. 
pu the electrochemical potential, and e the electronic charge. F is then the flux of free energy 
which is carried by the electron current at any point. These vectors and those which are 
introduced below are to be considered as functions of position within the heat engine. 


Let 
F(T) F - ny ds (3) 


Sr 


F(T) is the total flow of free energy which is carried by the electron current across Sv. It 
is assumed that F(T) is a continuous and differentiable function of 7. The next section 
shows that this assumption is satisfied for thermoelectric devices such that: (1) within the 
volume V of the heat engine there are a finite number of regions, where in each region the 
material properties are continuous and differentiable functions of positions; (2) there is 
no thermal or electrical contact resistance between regions. 

Since there is no electron current crossing Sr,, F(71) = 0. In generators F(T) equals 
the total free energy delivered to the load by the electron current per unit time. Since all 
the electrical energy delivered to the load can be reversibly converted to work, F(T9) = Po. 
Similarly, in the case of heat pumps, F(7o) = Pr. 


Let 


— oT (4) 
dT 


if AT is small, p(7)4T can be considered as the portion of the electrical output pro- 
duced by the materials between S7 and Sr+4r. 

Generally, for generators p(T) > 0 and for heat pumps p(7) < 0, since in the latter 
case electrical power is consumed within the heat engine. 

| p(T) dT = Po (for generators) 
Ts 
[ p(T) d7 = P; (for heat pumps) 


J(T) = | mr ds, where Js equals entropy flux 


T 


w(T) = w- ny ds, where w equals total energy flux (7) 
Sr 


JAT) is the total flow of entropy and (7) the total flow of energy across S7. Entropy 
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flux is given by the following equation [2]: 


J; = 1/T(w J) (8) 
Thus: 
Since the system is in a steady state, the total energy flow across S7 is independent of T. 
Since F(T) is continuous and differentiable, it follows from equation (9) that J(T) is also 
continuous and differentiable. 
Let 


dT 


if AT is small, o(7)AT is the rate of entropy production due to irreversible processes 
occurring between Sy and Sr. ,r. o(T) is greater than zero for both generators and heat 
pumps. 
| o(7) dT — & — total entropy production for generators: 
oT) dT ’. total entropy production for heat pumps 
T 
Efficiency and coefficient of performance will now be related to 
e(T) 
T 


d7, 


where 
p(T) 


| +- To(T)/p(T) To(T) 


For generators, define the function 7(7) as 
F(T 
Then 7(71) = 0 and »(7o) = = efficiency. 
Since w(T) is independent of T.w (T) = Q1: differentiating equation (9) with respect 
to T gives: 
p(T) To(T) = 1/T[Qi — = JAT) (14) 
It now follows from (12), (13), and (14) that 


e(T) 


d 
1] T 


Integrating (15) between 7; and To gives 


(16) 
T 


[his is the desired equation relating the efficiency to the ratio, o(T)/p(T), through the 
function ¢(T). 


dJ;(T ) oT) (10) 
|_| 
T, 
T. 
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Since o(T) > 0 and J(7,) > 0, it follows that J,(7) > 0. Thus, 
[w(T) — F(T)] = [Q1 — F(7)] > 0 


1. Maximizing efficiency is equivalent to maximizing <7) or minimizing 


To 
1 / ¢ (17) 
7 
[his is the relation for coolers analogous to equation (16). 

In this case J;(T) < 0 and o(7) > 0. Therefore p(T) < 0, —1/T[Qi — F(T)] < 0, and 
«(7) > 1. Maximizing coefficient of performance is equivalent to minimizing «(7T) or 


minimizing | o(7)/p(T) | at each temperature. 

Equations (16) and (17) enable design optimization to be considered independently at 
each temperature between 7; and 7o. One can consider the design at each temperature 7, 
which will minimize entropy production per unit power. This is opposed to having to 


consider the device as a whole. 


Fic. 3. Generalized thermoelectric device. 


EVALUATION OF THERMOELECTRIC DEVICE PERFORMANCE 

We will now consider evaluation of e(7) in terms of material properties for thermoelectric 
devices. It will turn out that for any given set of materials and current distributions among 
these materials, there is an optimum value for the heat flux. 

Figure 3 shows a cross-section of the general thermoelectric device to be considered. 
Within the cross-section are shown several regions which can be thermoelectric material, 
electrical conductors, or insulation. It is assumed that the device is composed of a finite 
number of such regions and that within each region the material parameters a, p, and « 
are continuous and differentiable functions of the position vector r. The Seebeck coefficient 
is a; the resistivity p; and thermal conductivity «. These parameters may be discontinuous 
across a boundary between two regions. 

Within each region the relationship of the entropy, current, and heat fluxes to the 


5 


material parameters may be derived by irreversible thermodynamics [3]. These are as 
J; = ad (18) 

V(u/e) = pJ — a VT (19) 

div Q = pJ- J —TVa: J, where Q KVT (20) 


follows: 


65 
! 
(T)/p(T) | at each temperature. 
\ similar derivation for coolers gives: 
5 1 \ Z 7 \ 
/ 
| / 
net | | - 
SSC 
| 


66 W. H. CLINGMAN 
Since the system is in a steady state, we also have: 
div J 0 21) 
Let N4z be a unit vector perpendicular to the boundary surface between two materials, 
{ and B, pointing in the direction of B. Let No be a unit vector perpendicular to the surface 


So. At the boundary surface, 
J4- Nap Nap (22) 


(Q4 Nap — Q® + Naz) = T(a® — a4) J4 + Nap (23) 


We can now derive a general expression for «(7 ) in terms of the material parameters 
and the vector functions J(r) and Q(r). 

p(T) p(T) 

p(T) + JST) 


(12) 
From equation (18) it follows that 
JAT) 


dF(T) 


(T 
dT 


\ppendix B shows that 


| F ar ds 


d 
dT 


7 
div F = Vu/e - J, since div J = 0. 


Thus, from (19) it follows that 


r J—aVT: J) d. 

PAT) = | Vr J] ds 
Sip 


Since Q KVT and nr V7/| V7 |, combining equations (24) and (26) gives 
l 
| [a(J - np) ' Q | (px) (J: J)] ds 

e(T) ; 
| [1/7 | Q| +- a(J - ds 

This equation is a general result for any thermoelectric device satisfying the assumptions 
associated with Fig. 3. It enables evaluation of efficiency or coefficient of performance for 
a wide class of device designs. If the material properties are given as a function of position 
within the device, then the vector functions, J(r) and Q(r) which are needed to evaluate 
(27) may be determined from equations: (20), (21), (22), and (23). 

We will now consider the problem of determining the optimum value of «(7 ) for any 
given set of materials. In the next section specific device designs will be considered, allowing 
one to achieve or approach this optimum value. 

Generally | Q | is a function of the position vector r along the surface Sy. Also a, (px), 
and J are functions of r. If the latter three functions are assumed given, then there is a 


Sr (24) 
d 
F np ds 
Sir 
- 
J | W7 
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function | Q |o which will optimize <7). Let «¢(T) equal the optimum function in the 
case of generators and «-(7) equal the same for coolers. For any given set of materials and 
current distribution, /Q | may not have its optimum value 'Q lo. In this case, eg(7) will 
be an upper limit for «(7) in the case of generators and «-(7) will be a lower limit for <7) 


in the case of coolers. Let us first evaluate e¢{T) 


J )] d 
ds 


Determination of | Q |o as a function of r is a problem in the calculus of variations. 
\pplying the theorem derived in Appendix C to (28) gives 


—, (px) (J - J)] 
T | Q al J n7)| 


Equation (29) reduces to 


Q | (px)! Q |G (30) 


Substituting (30) back into (28) and making use of the fact that T and e;(7) are independent 
of position on the surface Sr gives: 
T! al J nr) ds eq) (px)! | J ds 

Se 
| + mr) ds + eg? | (px)'2| J | ds 


Sp 


ec(T ) 


Sr 


| (px)! 2 J | ds : 
Sp 
Equation (31) can now be solved for eg as follows: 
VYi+d2ZT 
1 


optimum value of <«(7) for generators. 


EG 


In the case of coolers, equations (30) and (33) become: 
| Q | (px)? | J |e 


V14+27T 


optimum value of «(7 ) for coolers. 
V1+2ZT—1 


Ec 


Because of the relations (20) and (23) between J and Q, it is not always possible to 


l 
| la(J - mr) (pr 
) (28) 
Q 0 al J 
10/2 |Q | [als 
= § (29) 
| 
L Q 
Sp 
Let 
| (32) 
(33) 
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. ! . . . . 
achieve | Q lo for any arbitrary distribution of current density. In this case, « < eg for gener- 


ators and > for coolers. 

The function Z(7), defined in equation (32), can be considered a generalized figure of 
merit for the thermoelectric device at each temperature T. If /Q | - |Q |o, increasing 
Z(T) results in better performance for both generators and coolers. It is interesting to note 
that Z(7) depends not only on a and (px) of the materials used at the temperature 7, but 
also on the distribution of current among these materials. In the next section two-material 
thermoelectric devices will be considered, for which Z(T) reduces to the usual Joffé figure 


of merit. 


4. TWO-MATERIAL THERMOELECTRIC DEVICES 

(A) Definition 

The following assumptions define a two-material thermoelectric device. Consider the 
case where Sr intersects only two thermoelectric materials, 1 and 2. The surface S7 is 
composed of three parts, S}, SZ, and S#. S}, and Sj, are the intersections with materials | 
and 2 respectively. It is also assumed that current may flow through electrical conductors 
intersecting S#, but that a and (px) are such that the integrals over S may be neglected 
in (32). It is assumed that a, (px), J and Q are independent of position in either S} or S3.. 
In material 1, (J nr); J and in material 2, (J - nr)e lo. 
Let 


Now assume A) / J |; Ao | 9 current through the device. When the above 
assumptions are satisfied, 
(ay ao)" 


+ 


= 
[his is the conventional formula for thermocouple figure of merit. In order for «7 ) 
to equal e;(7) under the above assumptions it is necessary that 


Q |; = (T/ec)"/? (px)}? | J for generators 


Q |i = (px)? | for coolers 

where 
+ 
/1 + + 1° ZoT 


['wo-material thermoelectric device designs for which the conditions in equations (37) 


are realized or approximated will now be discussed. 


(B) Infinite staging 

With a two-material device an infinite number of stages with independent electrical 
outputs are used between the extreme temperatures 7; and J». The current through each 
stage is controlled independently by means of electrical conductors which pass through 
S*, and satisfy the above assumptions. The current and area ratio of the legs are adjusted 
at each stage so that equation (37) is satisfied for each temperature between 7; and 7p. 
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With (37) satisfied the expressions for efficiency and coefficient of performance become 


y=1-ep|- 


T's 

| 

-1/lexp | | (39) 
/ T V Zol 


These are the usual equations for infinite staging that are derived by other methods. 


(C) Optimum Thomson coefficient 

In this section we shall show that for any given values of Z and (px), there is an optimum 
value of the Thomson coefficient, +, which will result in (37) being satisfied. If the materials 
| and 2 possess optimum values of 7 at each temperature, then the efficiency or coefficient 
of performance is given by (38) or (39). With this material, for which 7 is optimized, a single 
stage device gives the same performance as an infinitely staged one. 
The optimum Thomson coefficients for the two materials are for generators: 


oT eG 


fal 1/2 €G(pr)2 1/2 
ar r 


EG 


With coolers, similar equations apply with e, substituted for e¢. The general equation which 
the heat flux must satisfy in each material is: 

| 


dT Qi 


(J-mr)i = and nr) 


Where 
n=T 
When 7; has the values given in (40), then a particular solution of (41) is 
(T\1/2 
iQ); (px)} (37) 
EG 
We shall now determine the design criteria for the size of the legs and the load resistance 
so that (37) also satisfies the boundary conditions. These will be expressed in terms of the 


load resistance, Ry, and the resistances of the two legs Ri and Re. Under the assumptions 
for a two-material device, the leg resistance, Ri, can be expressed as follows: 


y |; dT (42) 


If |Q li has its optimum value given by equation (37), the design condition on the size 
of the legs is rT, 


\1/2 
| (px)t!? dT 


) 2 (ox)? 


(43) 
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total generator resistance 


open circuit voltage 


[(px)} 2 ( pk dT 


as) d7 


If the resistances are such that (43) and (45) are satisfied, and the Thomson coefficients 
have the values given by (40) at each temperature, then the heat fluxes, | Q lis will have their 
optimum values. In this case the same efficiency will be obtained with a single stage device 
as with an infinite-stage device. 

For coolers, the design condition on the size of the legs is still (43) and the optimum 
homson coefficients become: 


~ 


— 


~ 


+ 
Equation (44) becomes: 
1/2 
[(px)}/? + d7 


and we have 
T 
l 


( (a ag) | 
Vl 


| d7 (48) 


ZoT 


Equation (48) gives the current for maximum coefficient of performance when the 
Thomson coefficients have their optimum values at each temperature. 


(D) Numerical examples 

Numerical calculations to compare the optimum design with single stage designs were 
made to illustrate some of the general principles discussed above. A cooler made from 
material with a constant value of ZT equal to 1, a bismuth telluride cooler, and a lead teluride 
generator are described. It is characteristic of two-material device designs that the optimum 
values of y, ¢ and | Q |/| J | depend only on the materials used at each temperature. For 
the bismuth telluride cooler and lead telluride generator the optimum values of the heat 


7() 
Let 
Ro = | 
V— | (a1 — a) dT KRe + | 
T 
on (+4) 
| 
| | 
[hen 
| | 
@ a) | | aT 
Re +4/1 + Zo 
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} (ay 
| 
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flux-current density ratio (| Q /| J » are compared with the actual values in a single-stage 
device. 

In Fig. 4, coefficient of performance is plotted against temperature difference for a 
cooler made from material with a constant value of ZpT equal to one and a Thomson co- 
efficient of zero. The hot junction is kept at 300°K. At each operating point the current and 
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Fic. 4. Coefficient of performance vs. temperature difference for constant 77 


the dimensions of the legs are chosen so as to maximize the coefficient of performance. The 
curve for the single-stage device was calculated by solving the differential equation for the 
temperature distribution in the thermoelements. It crosses the 6 = 0 axis at a AT of 87°C. 
This is the maximum value of 47 that can be obtained with a single-stage design. When the 
device is operated between 300°K and an environment at a lower temperature than 213°K, 
heat will flow into the low temperature environment rather than out of it, then the co- 
efficient of performance is negative. 
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The significant part of the optimum design curve (equation (39)) in Fig. 4 is that it does 
not cross the ¢ = 0 axis. There is no uniquely defined maximum value for 47. Thus, lower 
temperatures can be achieved with the optimum design. Also when the single-stage design 
is operating close to its maximum temperature difference, significant improvements in 
‘oefficient of performance can be made by using the optimum design. 

It is kno 
enables us to obtain the optimum heat flux-current density ratio at each temperature in the 


vn [4, 5] that the optimum design can be obtained by infinite staging. The latter 


» also other design possibilities for optimizing this ratio, and these give 


ere are 
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Fic. 5. Heat flux to current density ratio vs. cold junction temperature 
for a bismuth telluride peltier cooler. 


the same device performance as infinite staging. For example, if ZoT has a constant value 
of one, but the Thomson coefficient has its optimum value rather than zero, the single-stage 
curve will coincide with the optimum design curve in Fig. 4. 

Figure 5 compares the heat flux-current density ratio for a Peltier cooler with its opti- 
mum value. The properties of the bismuth telluride used in this cooler are given in Table 1, 
and the design characteristics of the device are in Table 2. The current chosen enabled the 
device to operate very close to its maximum value of 47. The actual thermocouple per- 
formance was calculated using a 704 computer program [6]. The optimum design gives a 
coefficient of performance of 0-143 while that of the single-stage design is only 0-0062. 
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TABLE 1. BISMUTH TELLURIDE ALLOY PROPERTIES 


| n-Type p-Type 


Temperature | 
(°K) | a,uV/deg p,ohm-cm_ W/cm-deg a, uV/deg , ohm-cm «x, W/cm-deg 


168 10-4 0:0212 168 x10-* 0-0174 
173 0:-0206 174 10-4 0:0168 
178 “8x10 0-0201 180 10 0:0163 
184 0-0196 186 0-0159 
189 “8x10 0:-0192 191 0-0156 
—194 0-0189 196 0:0153 
198 10-4 0:0187 200 -1x10- 0-0151 
201 10 0-0186 204 -9x 10-4 0-0150 


TABLE 2. PELTIER COOLER PERFORMANCE 


Material: Bismuth Telluride Alloy (Table 1) 
Areas: n-leg 0-394 p-leg 0-412 cm? 
Length: 1-33cm 
Current: 15-40 amp 
Temperatures: Tr = 299:7°K; T; = 235:2°K; AT 
Coefficient of Performance: 0-0062 
Optimum Design—Coefficient of performance 
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Fic. 6. Heat flux to current density ratio vs. hot junction temperature 
for a lead telluride Seebeck generator. 


Similar curves are given in Fig. 6 for a lead telluride generator. In this case the optimum 
heat flux-current density ratio (equation (37)) does not deviate as markedly from the actual 
ratio for a single-stage design. The efficiency of the single-stage device is 6-07 per cent 
while that for optimum design with the same material is 6-68 per cent. A 704 computer 
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program [7] again calculated the performance for the single-stage design, using the data 


given in Table 3 and the design characteristics in Table 4. 
TABLE 3. LEAD TELLURIDE PROPERTIES 


n-Type 0:03 °% Pble; p-Type 0°3° Na 


n-Type p-Type 


Pemperature 
‘Videg p,ohm-cm W/em-deg | a, p,ohm-cm «x, W/cm-deg 


170 0-700 x 10-3 0-0240 180 -20 x 10-3 0-0200 
200 1-30«10 0-0213 250 -50 x 10° 0-0180 
230 2:70 x10 0-0195 330 « 10-8 0-0170 
245 3-20 x 10-3 0-0187 350 8- 10-8 0-0167 
250 3-70 10 0-0185 340 -00 x 10-8 0-0165 
250 4-60 10 0-0183 300 x 10-° 0-0166 
240 ‘00 10 0-0182 260 x 10- 0-0167 


210 20» 10 0-0130 160 8-00 x 10-8 0-0170 


TABLE 4. GENERATOR PERFORMANCE 


Material: Lead Telluride: n-type 0:03 °% P6Ie; p-type 0:3°% Na 
Areas: n-leg 0°316 cm®; p-leg 0-504 cm? 
Length: 1-00 cm 
Load resistance: 0-0297 ohm 
Current: 3°88 amp 
Temperatures: 7) 825°K; T- = 425°K 
Efficiency 6°07°. 
Optimum design efficiency 6°68 °% 


CONCLUSIONS 


[he optimum design of thermoelectric heat engines has been investigated by relating 
device performance to the local entropy production within the device. The effect of device 


design on this local entropy production is determined and the theory developed is sufficiently 


general to include a wide range of designs. 
Given the materials that are available in any specified temperature range, one can 
ilate the maximum possible efficiency or coefficient of performance from the general 
theory. This maximum performance can be reached by infinite staging, but for certain values 
of the material parameters a single stage device will give the same performance as an in- 


finitely staged one. 
APPENDIX A 
The Uniqueness of the Isothermal Surfaces 

Let us assume that within the heat engine there are two isothermal surfaces at the same 
temperature, 72, as shown in Fig. 7. Between the two surfaces temperatures other than 72 
may occur. 

These isothermal surfaces divide the device into regions 1, 2, and 3. Now consider the 
total heat engine as made up of three individual heat engines coupled together, as shown in 
Fig. 8. Q. is the total heat transferred from region | to region 2 in the original device, Fig. 7. 
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Fic. 7. Heat engine containing two isothermal surfaces at temperature To. 


Fic. 8. Coupled heat engines equivalent to single heat engine of Fig. 7 


There is 4 current flow equal to /4 in both directions between these two regions. The current 
into region 1 must equal the current out since there is no charge accumulation. Similar 
quantities for the boundaries between regions 2 and 3 are Qx and /,. Let the subscript / 
refer to region i. 
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Op 


T2 
From the second law of thermodynamics it follows that XY» > 0 


On >Qa 


Thus the net effect of region 2 is to convert electrical energy into heat energy. Thus, 
region 2 may be replaced with a four terminal resistive network held at the constant tempera- 


ture 7», as shown in Fig. 9. Even though thermoelectric effects may occur in region 2 of 


Electrica 


ynnections 


Fic. 9. Heat engines with region between isothermal surfaces 
replaced by a resistive network. 


Fig. 8, this part of the device may be replaced with a passive resistance network with no 
loss in efficiency. 

The significance of this conclusion is that for the purpose of optimizing device design it 
is only necessary to consider those cases where there is one and only one isothermal surface 
corresponding to any temperature between 7) and 7p. 


APPENDIX B 
Temperature Derivative of the Free Energy Flow 
In this appendix the validity of equation (25) is demonstrated. 
d I 
— F - nr ds div F ds 
dT | 


Sq Sp 


We first prove the following general theorem which relates to the construction shown in 
Fig. 3. The same terminology is used as in the discussion of this figure in section 3. 


Then 
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Theorem 

If G(r) is a vector function that is continuous and differentiable within each region: 
G4 - Naz = G®- Nup for the boundary surface between any two regions A and B; 
G - No = 0, then 


Nr) ds 7 (div G) ds 


G(T) | (G~ nr) ds 
Sp 
iT) — G(T) 
G(T) lim = : (Bl) 
dT iT’ Al 
Let 4V equal the volume element bounded by Sz, S747, and So. Let 4V; equal the 
volume of region i within 4V. Since G4 - Naz = G® - Nz for the boundary between any 
two regions A and B, it follows from Gauss’ theorem that 


G(T + AT) — G(T) S | div G de [ div G do (B2) 
fay AV 


since the surface integrals over all inter-region boundaries within 4V cancel. 
Let 


(div G) nr 
Then it follows that 

| div G di | div(TA) dv — T div A dv 
AV, AV; 

The surface bounding each region i in 4V is made up of three parts: S%, which is part 
of Sr; Sh.47, which is part of Sr.47: S,, which forms the remainder of the boundary of 
the volume element 4 Vj. 

From the mean value theorem it follows that there exists a number, 6, such that 
0 < 6 < and 


| TdivAdv —(T+ 0,47) div Adv (B5) 


AV; AV, 


The integrals on the right-hand side of (B4) may now be converted into surface integrals 
using Gauss’s theorem: 


[ div(TA) dv = 7 [ A- nr ds —(T A+ mrsyrds+ [ ds (B6) 


1V;, St St, St 


T 


A: (B7) 


Tdiv A dv = (T+ 47) | [ A+ mr ds — 


AV; si, s 
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It also follows from the mean value theorem that there exists a number ¢;, such that 
and 
[ TA-ds=(T+ [ A> ds (BS) 
Sk 
Equations (B6), (B7) and (B8) can now be combined to give: 


Al div G di A: AT +47 ds G; | div A dv 


AV; + AT 
We now evaluate the limit of the right-hand side of (B9) as 47 approaches zero 


lim divGdv=¥® A- nr ds 
17'-—0 AT dT 
AV St, 


From (B3) it follows that: 
dG(T) 
dT Vi 


(div G) ds 


S 


The vector function F(r) satisfies the hypotheses of the above theorem. This is seen as 
follows: F + No = 0, since there is no current flow across So; F4+- Nap = F®- Nya». 
since F u/ed, 2 is continuous across the boundary between A and B if J - Naz = 0, 
and there is no charge accumulation at the boundary. Thus, equation (25) follows directly 
from the above theorem. 


APPENDIX C 
Vote on the Calculus of Variations 


[he following theorem is useful in determining a formula for the optimum value of 
«(7’). The theorem is established by the usual techniques of the calculus of variations. 


Theorem 
If 
/(r) 


makes 


|} G[ f(r). ds) 


Stationary, then 
| G[fo(r), r] ds 
Sr folr). 
9 
fo(r), r] ds fo(t), 


T 


Proof 


Let 
A(r, 8B) = folr) By(r), 
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where ry is on the boundary of the region S7. Otherwise 7(r) is an arbitrary continuous 
and differentiable function defined over Sr. 
Let 


| G[A(r, 8), r] ds 
Sy 


P( 8) 
| H{h(r, 8), r] ds 
s T’ 


necessary condition for ® to be stationary with respect to the function f(r) is that 


mp) 0 


for all functions 7(r). 


| [ G ds | | Hy; as| 
Se - - 


T 


| G ds | [ H ds| Do, 


Sp 


it follows from (C1) that 


| fo(r). r] Do Hy[folr), r]} n(r) ds 0 
Sr 
Since (C2) must be true for any arbitrary function 7(r), 


folr). - Do Hy fo(r), r] 0 


he desired conclusion follows immediately from (C3). 


REFERENCES 


[1] IT. C. HARMAN, J. Appl. Phys. 29, 1471 (1958). 

[2] C. A. DoMENICALLI, Rev. Mod. Phys. 26, 237 (1954). 

[3] A. F. Jorré, Semiconductor Thermoelements and Thermoelectric Cooling. Infosearch, London (1957). 

[4] C. ZENER, Proceedings 13th Annual Power Sources Conference, April 28-30, Power Sources Division, 
U.S. Army Signal Research and Development Laboratory, Fort Monmouth, New Jersey, p. 39 (1959). 

[5] B. SHERMAN, R. R. Herkes and R. W. Ure, J. Appl. Phys. 31, 1 (1960). 

[6] M. Norwoop. To be published. 

[7] R. Moore, Exact Computer Solution of Segmented Thermoelectric Devices, presented at Symposium on 
Thermoelectric Energy Conversion, Dallas, January 8-13 (1961). 


| [ H 
- 
Since 
C3) 


Advanced Energy Conversion. Vol. 1, pp. 81-92. Pergamon Press, 1961. Printed in Great Britain 


MAXIMUM FIGURE OF MERIT OF 
THERMOELECTRIC MATERIALS* 


R. SIMONT 


Summary—An estimate of the maximum figure of merit at optimum carrier concentration of a thermo- 
electric material is shown to be obtainable from the measured values of the Seebeck coefficient, the electrical 
conductivity, and the thermal conductivity for any extrinsic specimen of the material that is not too greatly 
overdoped. Effects of minority carriers, impurity scattering, and multiband conduction on this estimate 
are discussed. 


INTRODUCTION 


THE PERFORMANCE of a thermoelectric material in a heat pump or in an electric-power 
generator is determined by the value of its figure of merit [1] 


(1) 


where a is the Seebeck coefficient, o is the electrical conductivity, and « is the thermal 
conductivity. The dimensionless figure of merit Z7, where T is the absolute temperature, is 
given by 

ZT = A?/K, (2) 
where A = | (e/A)a | and K = (e/4)? «/oT are also dimensionless parameters. The quantity 
4/e = 86-2 x 10-6 V/deg is the ratio of Boltzmann’s constant to the absolute magnitude 
of the electronic charge. 

It is shown herein that the values of A, K and r for an extrinsic, but not necessarily 
optimized, specimen of a given thermoelectric material are sufficient information for 
determination of the value of Z,,,,7 for that material, where Z,,,,.7 is the value of the 
figure of merit at optimum carrier concentration. The quantity r is the exponent in the 
assumed power-law variation of the mean free path of the charge carrier with its kinetic 
energy. The relationship among Z,,,,7, A, K and r is found to be relatively insensitive to 
variations in r for approximately optimum-doped or underdoped thermoelectric materials 
in the range of values of Z,,,,,7 of present interest. Hence, a good estimate of Z,,,,7 is obtain- 
able from the values of A and K alone for a single extrinsic specimen that is not too heavily 
overdoped. The values of A and K for an extrinsic specimen also furnish sufficient informa- 
tion to determine whether the specimen is underdoped, overdoped or doped to about 
optimum carrier concentrations for the material in question. If the specimen is either under- 
doped or overdoped, the amount of readjustment in doping needed to obtain an approxi- 
mately optimized specimen is indicated in terms of the required change in the value of the 
Seebeck coefficient. 

ANALYSIS AND RESULTS 


For an extrinsic semiconductor with spherical constant-energy surfaces, A is given by 


(3) 


* Research supported by the Thermoelectric Cooling Research Group. 
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A(r, 7) Fn) 
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where 7 is the reduced Fermi energy (the Fermi energy in units of 47 measured positively 
upward from the conduction-band minimum or positively downward from the valence- 
band maximum for n-type or p-type semiconductors, respectively), and Fx(m) is the Fermi 


integral 


x* [1 + exp(x — dx. 
0 
The electrical conductivity is given by 


al’, ») ooF (7) ri (4) 


where cg = 2(27mA4T/h?)°/2 eve; m is the effective mass of the charge carrier; / is Planck’s 
constant; and pe is the low-carrier-concentration value of the charge-carrier mobility. The 


thermal conductivity is 


K = Kpn + (A/e)? L(r, (5) 

where «», is the phonon contribution and (4/e)? L(r, 7) is the Lorenz number, with 

r+3 2 Frit)? 

r F(n) Fy) 
Hence, the parameter K becomes: 

K(r, 7) = r!] 1 Lr, n)s 
where 
B = (Ale)? pn 


is a dimensionless material parameter. 
Equations (2), (3) and (7) may be combined to obtain ZT as a function of r, 7 and 8 
as shown by Rittner [2] and by Chasmar and Stratton [3]. If it is assumed that both § and 
ire independent of carrier concentration,* maximization of ZT with respect to 7 results in 


ZT = A*(r, no) 
max r!] 70) 


0 
A-(r, no) In F(o) A(r, no)] 
C7) 


~ 


L(r, 70) In L(r, n0)] 
07) 


where yo is the optimum value of 7. The quantities Z,,,,7 and yo as functions of f and r 
are readily obtained from equation (8) by inserting various values of yo and computing 
Zmaxl and 8. The partial derivatives with respect to » are evaluated by using the relationships 


— Fy(n) = kFx-1(y) and — Fo(y) = + exp(—y)]". 
07) on 

Figure 1 shows Z,,,,7 as a function of B expr for r= —1, 0, 1, and 2, as obtained 
from Chasmar and Stratton’s curves and from equation (8). It is seen that the value of 
Z....2' is a monotonically increasing function primarily of the combination 8 expr of 


“max 


* Effects of deviations from this assumption will be discussed later. 


(3) 
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the two parameters £ and r. This functional relationship is almost entirely independent 
of the explicit value of r in the vicinity of Z,,,,7 = 1, in which neighborhood are found 
the values of Z,,,.7 attainable with presently available thermoelectric materials of good 
quality. For r = —1, equations (3), (4) and (6) become 

[1 exp(—7)] Fo(») 

oo{l + and 

exp(—n)] Fi(m) — 
respectively. 


10°O 


0-2 05 


fe exp r 


Fic. 1. Zmax7 as a function of / exp r. 


The value of the material parameter § can be obtained from the measured values of 
a, « and « for any specimen of the material of essentially extrinsic electrical conductivity 
in the following manner: If Aqand Kg are the values of (e/4) | a | and (e/4)?/oT, respectively, 
for that specimen, then 
[Fi(a)/r!] [Ka L(r, na)] (9) 
from equation (7) and also 
r+ 2 Frii(na) 


Fm) 


from equation (3), where mq is the value of the reduced Fermi energy for the specimen. 
Elimination of nq between equations (9) and (10) gives § as a function of Kg, Ag and r. This 
functional relationship is computed conveniently by assuming various values of nq and K, 
and computing f and Ag. Since Z,,,,,7 is a function of 8 and r, Z,,,,7 may be expressed as a 


“max 
function of Ag, Ka, and r. 
The combinations of values of Ag and Ka that correspond to a given value of Z,,,,/ 
were computed with the aid of a high-speed digital computer for small increments in A, 
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from Ag = 0 up to the value of Aq required to obtain Kg at least equal to 1000. These com- 


putations were made for various values of Z,,,,7 ranging from 0-05 to 5-0 in approximately 


20 per cent intervals in Z,,,,7 and for each of the four cases of r 1, 0, 1, and 2, re- 


spectively. 

lhe solid lines of Fig. 2 show some representative results of these computations, the 
curves of Z,,,,7 = 0-25, 0-5, 1-0, and 2-0 for r 1, 0, 1, and 2. x/oT = (4/e)? Ka is 
represented on a logarithmic scale along the ordinate and |a | = (4/e) Ag is represented 


a ls ala alar ha 
on a linear scaie aiong tne abccissa. 


Fic. 2. ZmaxT and Zmeas7 as functions of r and measured values of a and «/oT. 
ne 


The broken lines of Fig. 2 connect constant values of Zies1’ = A?/Ka = a20T/« = 0°25 
through 2-0. Optimized materials are those with («/o7, | a |) combinations that fall in the 
T and Zineas! CUrVeS. 


region of tangency of the Z eiaia 


DISCUSSION 


It is to be noted from Fig. 2 that the relationship among Z,,,,,7, «/oT and a is essentially 
independent of r in the vicinity of Z,,,,7 = 1-0. This relationship is also relatively in- 
sensitive to r for optimized materials, and becomes somewhat more sensitive to r for 
underdoped materials (those with «/oT and a combinations that fall above and to the 


right of the region of optimized materials). Lack of knowledge concerning the value of r 
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does not preclude the attainment of a useful degree of approximation of Z,,,,7 in the region 
of underdoping for Z,,,,7 ranging from about 0-25 to about 2-0. 

The relationship among Z,,,,7, «/oT, and a becomes more critically dependent upon r 
as the doping is increased above its optimum value. The curves for the various values of 
r for a given value of Z,,,,,7 can be seen to spread out rapidly and intersect those for neigh- 
boring values of Z,,,,7 in this region. It is important to have fairly accurate information 
as to the effective value of r in this region if useably accurate estimates of Z,,,,7 are to be 
obtained.* 

As the doping is still further increased, all of the Z,,,,7 curves for r = 0, 1, and 2 con- 
verge toward the point a = 0, «/oT = (4/e)* (7?/3) = 2:44 x 10-8 (V/deg)?, the limiting 
values of the Seebeck coefficient and the Lorentz number, respectively, for high degeneracy. 
(Some of the Z,,,,,7 curves on Fig. 2 are terminated before reaching this oe of converge 
in order to avoid confusion.) For r 1, the limiting value of «/oT is (4/e)? (8-} 
since o approaches the finite value of oo for r | as the carrier wate increases. 
However, the continuation of the r | curves to a = 0 has no physical significance, 
since impurity scattering must eventually result in increasing r above —1 as the doping 
level is increased. The curves of Fig. 2 would have no practical utility for determining 
Zmax! if the measured values of a and «/oT for a given specimen plot near the point of 
convergence. 

The accuracy of the estimation of Z,,,,7 from the values of Ag and Kg for greatly over- 
doped materials is poor because «pp, is essentially masked by the much larger electronic 
contribution to the thermal conductivity for such materials. «pz appears as a factor in the 
definition of the material parameter 8. Thus, as a increases, F;(na)/r! increases indefinitely 
for r > —1, the value of Kg approaches L(r, na), and the reciprocal of the constant material 
parameter 8! as obtained from equation (9) involves the product of an increasingly large 
number and a decreasingly small difference between two almost equal numbers. Further- 
more, since 0Aq/0nq approaches zero rapidly with increase in yq for positive values of 7 
the determination of the value of mq from the measured value of Ag with the aid of cuiatini 
(10) becomes less accurate as ya increases. 

The use of Fig. 2 simplifies the analysis of thermoelectric materials. It is not necessary 
to obtain explicit values for such quantities as r, jc, Kpn, m nor for the carrier concentration. 
The numerical value of the dimensionless parameter § exp r can be obtained directly from 
Fig. 1, if desired, using the value of Z,,,,7 obtained from Fig. 2 


EFFECTS OF DEVIATIONS FROM BASIC ASSUMPTIONS 


The above analysis applies only to the case where the electronic transport is essentially 
by means of a single type of charge carrier in a single conduction band and for which 
neither 8 nor r changes with the concentration of doping agent. 

The curves of Fig. 2 were obtained by numerical computation, using Fermi-Dirac 
statistics, in the manner outlined above. However, in order to assess the effects of deviations 
from the basic assumptions conveniently, it would be desirable to formulate an approximate 
analytical expression for those portions of the curves at and above the region of 
Zax! = Zmeas!. Such an expression is readily obtained by using the classical-statistics 


* It is tacitly assumed in this discussion that the scattering mechanism can be characterized by a simple 
power law relationship between mean free path and energy in this region, although mixed scattering is more 
likely to occur. The effects of mixed scattering on the Zmax7 analysis is discussed later. 
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approximations for the various Fermi integrals that appear in equations (9) and (10). The 
approximations are only fair ones in the neighborhood of Z,,.,7 = Zmeas/> since values of 
no are in the range of about —2 to about --2 for the range of values of Z,,,,,7 and r shown 


on Fig. 2. However, the approximations improve as Aq and Kg increase (decreasing 7a). 


We thus have F/(7q)/r! — exp na, L(r, na) + 2 and Aq ->r -+- 2 — nq. Elimination of 
ya between the classical-statistics forms of equations (9) and (10) results in 


In [Ka — (r +- 2)] — # In B — (r + 2). (11) 


Since Z,,,,,/ is a function of § and r, curves of constant Z,,,,7 on Fig. 2 in the region of 
interest should correspond to curves of In [Ka — (r + 2)] — Ag = constant. This may be 
shown to be a fairly good representation of the actual curves in the region of interest. 
(For Ka > r + 2, the curves reduce to straight lines of unit slope on a plot of In Kg versus 
4a, as is evident from Fig. 2 for Ka > about 50.) Equation (11) also indicates why Z,,,.7 
is a function primarily of the combination 8 exp r of the two material parameters r and 8, 
as previously noted. Joffé [1] showed that Z,,..T = 48 exp r at no =r by assuming that 
classical statistics applies to optimized materials and also that the thermal conductivity 
is essentially entirely «»,. Neither one of these assumptions is a good approximation for 
thermoelectric materials of present interest. 

The effects of departures from the underlying assumptions will be evaluated in terms of 
the resultant deviations from the invariance of the quantity In [Ka — (r +- 2)] — Aa. 


Vinority-carrier effects 

When following a curve of Z,,,,7 = constant on Fig. 2 in the direction of decreasing 
carrier concentration (increasing Kg and Aq) the relative concentration of minority carriers 
to that of the majority carriers increases and must eventually become great enough to affect 
the accuracy of the estimate of Z,,,,7 by an appreciable amount. 

If the subscript a continues to refer to quantities associated with the majority carrier, the 
subscript m to those of the minority carrier, and the subscript ¢ to resultant quantities, we 
have 

om 


A; = (Ya 2— Na) 2— 7m) (12) 


and 


Ki (Va + 


(13) 


where nq is the width of the energy gap between the conduction and valence bands in units 
of 4T. The last term in equation (13) arises from the ambipolar diffusion contribution to 
[3]. 
For om/oa 1, we have aq/o and om/ or to first-order approxi- 
mations. Equation (12) becomes 
At Aa la + 7; 4 + 7a) (om/ca), (14) 


since 7G (na nm). Likewise, equation (13) becomes 


Ky Ka I'm + 4 7G)" 2) Ka] (om Ga). 


of Ct Ct Ot 
(15) 
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Finally, the difference between In [K; — (ra — 2)] — At and In [Ky 


Atlin [Ka — (r + 2)] Aa; 

Ka — (‘a 2) | 

to the first order in the ratio om/o4. Since the coefficient of o/oq in equation (16) is positive, 
even for both rg and rm possibly as low as —1, the effect of the minority carriers is to in- 
crease the measured value of In [K — (r +- 2)] — A, and thus, as can be seen from Fig. 2, 
to give an indicated value of Z,,,,,7 which is smaller than the actual value characteristic of 
strictly extrinsic material. 

Equation (16) indicates that the change in the indicated value of Z,,,.,7 resulting from 
the presence of minority carriers depends upon o;,/o rather than on the relative concentra- 
tions of the two carriers. The Z,,,,7 analysis should thus be applicable even to intrinsic 
material if the mobility of one carrier were much greater than that of the other. These 
conclusions require more careful consideration in view of the fact that y¢ and om/oq are 
not independent quantities. 

The value of y¢ for a given material at a given temperature is a constant. The minority 
carrier concentration /m is then determined by that of the majority carrier mg, since the 
relationship = NmNa exp(—7a) must be satisfied, where Nm = 2(27/m, 4T/h?)8/2 and 
Na = Hence, omoa = Where com = and 
ooa Na€jtca. Finally, dividing by we have 


Om/ = (com/ oa) exp(—7¢ — 27a), (17) 


where the classical approximation og = ooa €Xp ja is made. Hence, for a given value of 
ng, the value of om/oq is determined by the values of com/coa = (1m/Ma)*/* (44m/Ha) and by 
the reduced Fermi energy a. The latter is directly related by the relationship 
Aq =r -+- 2 — mq to the particular point on the pertinent curve of Z,,,,7 = constant at 
which it is desired to compute the change in indicated Z,,,,,T7. 

The results of some illustrative numerical computations are given in Table | for 
Jom = Goa, for ra = rm = 0 (charge carrier scattering by lattice vibrations), and for com- 
binations of values of Ag and Kg that represent points on the curve Z,,,,,7 = 1:0. The tabu- 
lated values of A In [Z,,,,,7] are —2/3 of the values of 4{ In [Ka — (ta + 2)] — Aa} obtained 
from equation (16); this relationship is a good approximation in the neighborhood of 
= 1. 

It is to be noted from Table 1 that, for the case of com = coa, Gm/oa Must not exceed 
about 2/3 of 1 per cent (e~5) for the indicated value of Z,,,,7 to be no more than about 10 
per cent lower than the value of Z,,,,.7 for strictly extrinsic material. For nearly optimized 
material (Ag = 3, Ka = 9),* this lower limit on om/og is seen in Table 1 to correspond to an 
energy gap of 74T (0-18 eV at room temperature). 

For underdoped materials, the minimum value of ng required to obtain a given value 
of om/o2, and hence approximately a given constant error in the indicated value of Z,,,,,7. 
increases with decrease in doping level (increasing Ag and Ka), as can be seen in Table |. 

For values of com/coa other than unity, both the first column and the last column in 
Table 1 must be multiplied by the value of com/cva. For com/coa = 0-2, for example, 


* Exactly optimized material for ZmaxT = 1 would correspond more closely to Aq = 2°80, Ka = 7°84. 
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Gm) % Cannot exceed about 0-2e-% = | per cent for about a 10 per cent or smaller magnitude 
of error in Z,,,.7 and the required values of ng are smaller by 2 units for each (Aq, Ka) 
combination than for the case of com/coa = 1. If com/ooa is greater than unity, smaller values 
of om/oa and greater values of ng are required for 4Z,,,,7 < 10 per cent. 


TABLE 1. EFFECT OF MINORITY CARRIERS ON THE INDICATED VALUE OF 
Zuaxl FOR 1-0 


ln [ZmaxT] 


1-45 
l 


0-050 


0-O183 


0: 0067 


0: 00025 


Since o/oq must be of the order of | per cent or less for the Z,,,,,7 analysis to be about 
10 per cent or less in error, a mobility ratio, ca/tem, of the order of magnitude of 100 or 
greater would be required for the analysis to be applicable to intrinsic materials with 
reasonable accuracy. The relationship between ooa/com and jtem/ ea Would depend upon how 
the mobility varies with the effective mass, as determined by the scattering mechanism 


involved. 


Impurity-scattering effects 

As the concentration of doping agent is increased, the scattering of charge carriers on 
the ionized impurity centers becomes an increasing fraction of the total scattering, and 
the assumption that § and r are independent of doping level is eventually no longer a good 
approximation. 8 would decrease because of the resultant reduction in the mobility of the 
charge carriers but r would effectively increase, since scattering by impurity centers entails 
a stronger variation of the mean free path of the charge carrier with its kinetic energy than 
does scattering by lattice vibrations. 

Since {4 In [Ka — (r + 2)] — Aa} = 4 In (kpn/oaT) — 4Aa = A In pa — AAa, if Kpn is 
constant, the effects of the addition of impurity scattering on the indicated value of Z,,,,7 


88 
Oa Ka | NG 
é 0-135 3 9 4 d 
4 20 6 
5 sO 8 
6 140 10 
e-3 — 3 9 5 0:65 
4 20 | 7 0-56 
5 50 9 
6 140 | 11 0-52 
ei — 3 9 6 0-28 
4 20 | 8 0-23 
5 50 10 0-21 
6 140 | 12 0-21 
e > — 3 9 7 0-12 
4 20 0-10 
5 50 11 0-08 
6 140 13 0-08 
e~6 Ft 3 9 8 0-05 
4 20 10 0-04 
5 50 12 0-03 
6 140 14 0-03 
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may be evaluated by computing the resultant change in the value of In pg — Ag, assuming 
that no appreciable scattering of phonons takes place on the impurity centers. 

Johnson and Lark-Horowitz computed the effects of various amounts of impurity scatter- 
ing on the electrical resistivity [4]. They found that the resultant resistivity p: is given by 
pt = (pr + pi)/I’, where p; is the resistivity with lattice scattering alone (r; = 0), and p; 
would be the resistivity if all the scattering were on the ionized impurities (r; = 2). I’ is a 
function of p;/(p; + pr) that equals unity for p;/(p; +- pz) = 0 or | and has a shallow mini- 
mum at p;/(p; about 1/2. Hence, 4 In pa = In In [(p1 pi)/ pil’). 

Johnson and Lark-Horowitz [5] also computed the value of the Seebeck coefficient for 
various proportions of mixed scattering with r; = 0 and r; = 2. Their results may be 
expressed in the form Ag == 2 ++ rt — ya, Where r; is a function of p;/{p: + pz). 

Since 4Ag = 4r, 

A In pa AAa In [(p2 - pi) ‘piT} Ar (17) 


Table 2 lists the results of computations of In [(p: + p;)/p:J7] — Ar for various values of 
pi/(pi -+ pi). The third column of Table | lists the approximate change in the indicated value 
Of Zinax! in the neighborhood of Z,,,,,7 = 1. The change in the indicated value of Z,,,,,7 
would rise to a maximum positive value for some value of pi/(p: + pi) < 0-1, since 
AZ axl = 0 for pi = 0. It is noteworthy that the indicated value of Z,,,,7 is less than 


about 10 per cent in error even if impurity scattering accounts for as much as half of the 
total electrical resistivity. 


TABLE 2. EFFECT OF IMPURITY SCATTERING ON THE INDICATED VALUE OF 
Zuaxl FOR Zuaxl > 1 


(Pi Pid IIn Pa 1Aa 


0: -329—0-379=—0-050 
*$25—0-558 0-033 
-700 —0- 698 = +-0-002 
-868 —0- 809 = +-0-059 
103 
*245—1-065 


If impurity-scattering effects begin to become appreciable at doping concentrations 
that are approximately optimum, the indicated changes in Z,,,,7 represent actual changes in 
this quantity. The effect of impurity scattering on the maximum figure of merit was investi- 
gated by Ure [6] with similar conclusions; i.e. although small amounts of impurity scattering 
may result in up to a few per cent increase in Z,,,,7, larger amounts would be deleterious. 

Mixed scattering with combinations of other values of r than 0 and 2 are also possible, 
such as may result from some degree of ionicity in the lattice or from scattering on neutral 
impurities. The effects on the indicated values of Z,,,,7 of changes in £ and r with doping 
level resulting from other scattering mechanisms remain to be investigated. 


Multiband-conduction effects 

The situation is more complicated if extrinsic electrical conduction in more than one 
band is involved (such as in an impurity band in addition to the conduction or valence band 
or in more than one nonequivalent minimum of the conduction band or maximum in the 
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valence band), since different values of 8 and r may be associated with each such band or 
extremum. Changing the carrier concentration by altering the doping may involve also 
ing the distribution of carriers among the different conduction bands or extrema. 
der such circumstances, the set of points plotted on Fig. 2 that represent the combina- 
tions of measured values of a and «/oT for various amounts of doping may not fall on a 
curve of Z,,,,7 = constant. A more complex analysis would be needed to obtain Z,,,,7 
for such materials. However, if optimized material involves conduction predominantly 
in a single band, the theory developed herein might still be applicable to a useful degree of 
approximation for carrier concentrations in the neighborhood of the optimum one. It may 
be possible to develop first-order corrections for small relative conductivities in the other 
bands in a manner similar to that developed above for evaluating the effects of a small relative 
conductivity of a minority carrier. 
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Fic. 3. ZmaxT plot of Goldsmid’s BizTes data. 


EXPERIMENTAL EVIDENCE 

The circles and triangles on Fig. 3 represent values of a and «/oT obtained from Gold- 
smid’s experimental curves of the variations of a, « and o of halogen-doped n-type and of 
p-type BioTes, respectively, as the concentrations of doping agents are changed [7, 8]. The 
two sets of points are for the same materials at two different temperatures, 150°K and 
300°K. The theoretical curves of Z,,,,7° = 0-20, 0-25, 0-30, 0-50, and 0-70 are also shown, 
with the curves for r = 1 and 2 for the first three values of Z,,,,7 omitted for the sake of 
clarity. 

All of the 150°K points for both the p-type and the n-type specimens lie below the 
region of optimum doping, indicating that all of the specimens are overdoped at this 
temperature. The sets of points for both the p-type and the n-type specimens lie approxi- 
mately parallel to the Z,,,,7 — constant curves for r = 0. This is in reasonable agreement 
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with Goldsmid’s observations from the temperature variation of the electrical conductivities 
of the various specimens that r = about —0-2 for electron conduction and about —0-4 
for hole conduction in BizTeg. For the lowest lying triangle and circle at 150°K, the indi- 
cated values of Z,,,,.,7 are about 0-22 and 0-29, respectively, whereas the actual values of 
Zmeasl for these specimens are 0-10 and 0-08, respectively. For the highest lying triangle 
and circle the indicated values of Z,,,,7 are about 0-20 and 0-23 respectively, and the actual 
values of Z,,,.,,2 are 0-20 and 0-22, respectively. Hence, these uppermost points are over- 
doped by inappreciable amounts; they fall just below the region of optimum doping. 

It is thus seen that a good estimate of Z,,,,,7 can be obtained from any single specimen 
at 150°K, if some information is available as to the approximate value of r, despite the 
fact that the specimens are all overdoped at this temperature. It is seen from Fig. 2, however, 
that the estimate of Z,,,.,,7 would become increasingly more difficult to make for specimens 


meas 
doped to obtain values of the Seebeck coefficient less than about 50 »V/deg. 

Che increase in the indicated value of Z,,,,,.7 with increasing doping level is probably 
the result of an increasing amount of impurity scattering, as previously discussed. No 
observable intrinsic conduction effects are to be expected for any of the points on the 
150°K curves. A decrease of 10 per cent in the indicated value of Z,,,,.7 for the uppermost 
points would require a value of 7; of about 5, whereas ng = about 12 for BigTeg at 150 °K. 

The points for 300°K for both the p-type and the n-type specimens straddle the region 
of optimum doping. The five lowermost triangles lie reasonably parallel to Z,,,,7 = con- 
stant for r = 0 and indicate a value of Z,,,.7 of about 0-55. The actual values of Z,,.,.T 
for the two uppermost triangles of this set of five are both 0-54, indicating that these two 
are about optimum-doped. The two triangles in the region of underdoping indicate de- 
creased values of Z,,,,,7 probably because of minority carrier effects. A value of yn; of about 
7 would be required to obtain a 10 per cent decrease in indicated Z,,,,7 in the region of 
these two uppermost points, and the value of nq for BizTe3 at 300°K is about 6. 

For the n-type materials at 300°K, the lowermost four points indicate that 
Zax! = about 0-72. However, for the n-type material, minority carriers begin to become 


effective in reducing the indicated Z,,,,7 to about 0-67 at about the region of optimum 
doping (fifth circle from the bottom). The value of Z,,.,.7 for this specimen is also 0-67. 
The uppermost two circles indicate appreciably large decreases in Z,,,,7. Significant con- 
tributions to « from ambipolar diffusion effects are indicated for these specimens from 
their positions on Goldsmid’s curve of « versus co. 

The Z,,,2 analysis developed herein would thus seem to be suitable for BisTe3 despite 
the inapplicability of the assumption of spherical constant-energy surfaces for this material. 
The extension of this analysis to include materials with non-spherical constant-energy 
surfaces and possibly also a multiplicity of equivalent minima in the conduction band or 
maxima in the valence band may involve essentially only a more general definition of 8 
to incorporate the number of such extrema and the anisotropies in m, fe, and «pp. In the 
general case 8 would thus be a function of crystallographic direction. 


CONCLUSIONS 
1. An estimate of Z,,,,,7 for a thermoelectric material can be obtained from the measured 
values of the Seebeck coefficient, electrical conductivity, and thermal conductivity of a 
single specimen of the material with essentially extrinsic electrical conductivity. An estimate 
can also be obtained of the change in doping that would be required to produce optimized 
material if the measured specimen is not already optimized. 


R. SIMON 
2. The estimate of Z,,,,7 is a particularly good one for specimens that are already 
approximately optimized. For underdoped specimens it is necessary to ascertain that the 
value of the energy gap in AT units is great enough to avoid any appreciable error in the 
indicated value of Z,,,,7 from minority carrier effects. If the value of the energy gap is not 
known, it would be advisable to prepare a second specimen with a carrier concentration 
closer to optimum, of possible, and to compare the indicated values of Z,,,,7 for the two 
specimens. If the two indicated values of Z,,,.7 are distinctly different, measurements on a 
third specimen with still greater carrier concentration are desirable. 
3. If it is possible that more than about half of the electrical resistivity of a specimen 
is the result of scattering of the charge carriers on ionized impurities, because of excessive 
T may be substantially in 


overdoping and/or low temperature, the indicated value of Z,,,, 


error. Measurements on one or more additional specimens with different doping con- 


centrations would then be desirable. 

4. The value of the scattering parameter r is not needed for applying this analysis to 
materials with Z,,.7 values in the neighborhood of unity. For materials with Z,,,,7 < about 
0-5, an estimate of the value of r is needed in order to obtain a reasonably accurate value 
of Zma.?, particularly for somewhat overdoped materials. For materials that may be 
developed in the future with Z,,,,7 > about 2-0, an estimate of r would also be required 
to obtain reasonably accurate values of Z,,,,T. 
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NEW EXPERIMENTS ON INTERACTION OF PHONONS 
WITH CRYSTALLINE DEFECTS* 


KURT HUBNERT and W. SHOCKLEY{ 


Summary—Transmitted phonon drag has been used to observe the scattering of phonons by dislocations 
and precipitates in single crystal silicon at liquid nitrogen temperature. 


\ SIMPLE theory of the transmitted phonon drag [1], its first experimental observation [2] 


and its application to the study of phonon-hole and phonon-phonon scattering [3] have 
been published elsewhere. 

As in the experiments reported earlier, all samples investigated were symmetrical. 
diffused npn structures, with the junctions in the (100) plane at a depth x; measured from 
the surfaces. The major impurity in the outer layers was phosphorus with a surface con- 
centration ns and boron of concentration p for the middle layer of thickness Wp. 

The transmitted phonon drag is observed by applying an electric field F, along the first 
n-layer parallel to the p-n junctions. This causes an electron current and, through lattice 
scattering, a coherent flow of those “relevant” phonons which interact with electrons. 
Some of these phonons reach the second n-layer and through phonon drag set up a field 
Ez of opposite polarity. 


NO DISLOCATIONS DISLOC || tO £ DISLOC.LTO E 
Fic. |. Orientation of edge dislocations in the samples. The bulk impurity concentration is 
1-4 x 10!5cm-* boron; the surface concentration of the diffused outer layers is 
ns — 4°5 x 10!* cm? phosphorus; and the junction depth x; is 15 yw. 


The transmission of these phonons through the middle p-layer can be studied by re- 
cording E2/E, versus W>» or other parameters. This then yields information on the decay 
of the phonon drift momentum in the middle p-layer. In the experiments reported here, this 
decay arises mainly from phonon-phonon scattering and from defects deliberately intro- 
duced into the intermediate p-layer. 

The effect of dislocations was investigated on samples cut from a crystal containing a 
10-25° + 0-5° grain boundary in a (100) plane with the edge dislocations running in the 
(001) direction. This direction for the two grains coincided within --0-5°, as determined by 


* Research supported by ARPA through the Office of Naval Research. 
t In partial fulfillment of Ph.D. requirements. 
t Shockley Transistor, Unit of Clevite Transistor, Palo Alto, California. 
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\-rays. Samples were cut so that the plane of the grain boundary was parallel to the p— 
junctions and contained in the intermediate p-layer. Measurements of £2/E, were taken on 
two sets of samples having a W, of 223 » and 300 » for two orientations of the dislocations 
vith respect to the direction of the electric fields, and on control samples which did not 
contain a grain boundary, as indicated in Fig. 1. The results are shown in Table 1 in which 
F2/E, is given for every sample measured, together with the averaged attenuation in per- 
centage over the control sample. 
It is seen that when the dislocations are perpendicular to the electric fields a much 
ore pronounced attenuation is observed than when they are parallel to the fields. For the 
low boron concentration of p = 1-4 x 10! cm, phonon-phonon scattering is probably 
e dominant scattering mechanism. As the phonon mean free path for this type of scattering 
roes with the inverse of the wave number squared for low frequency longitudinal acoustical 
phonons [4], the important phonons for a large W> are of lower frequency than those for a 


small Wy. If one dares to draw conclusions from the relatively small differences of the 


p- 


attenuations for W, 223 » and W, = 300 p, it would follow that the scattering cross- 


ection of the dislocations goes with the phonon wave length to a positive power. 
< 


TABLE 1. VALUES oF | E2/E, | MEASURED ON SAMPLES CONTAINING A LOW- 


ANGLE GRAIN BOUNDARY IN THE INTERMEDIATE P-LAYER (as shown in Fig. 1) 


Dislocations 


Parallel to E Perpendicular to E 


‘7X10 


The encouraging small scatter and reproducibility of the experiments on dislocations 
led to an investigation of the influence of oxygen precipitates on the phonon transmission. 
It is well known that silicon pulled from the melt, such as was used here, contains a high 
concentration of oxygen due to the contact with the quartz crucible. Precipitation of this 
oxygen upon heat treatment has been investigated by Kaiser [5] and others. For a heat 
treatment of 50 hr at 1000°C, Kaiser found by optical means that the average diameter 
of the precipitates was 1000 A. Rapid cooling of the samples from the diffusion temperature 
of 1300°C to room temperature in about 15 sec should yield much smaller precipitates. 

The spectrum of the relevant phonons at liquid nitrogen temperature centers around a 
wavelength of about 100 A and is limited on the low side by the energy of the electrons and 
on the high side by the physical dimensions of the crystal. 

The diameters of the precipitates are therefore of the same order of magnitude as the 
phonon wavelengths. The above mentioned sorting mechanism due to phonon-phonon 
scattering should reveal phonon-precipitate scattering on a plot of E2/F, versus Wp, with 


No 
223 9-0x 10-5 8-7 x 10-5 ‘_ 
10-0 6 
6:6 
-10°% 39% 
300 107° 5*4x 10-5 3-6x10-° 
6:2 5-0 3°3 
—45° 
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small precipitates reducing F2/F, values at small W ,, and big ones at large Wy». This be- 
havior has actually been observed and the results are shown in Fig. 2, where F2/FE, versus 
W, is plotted for two sets of samples, differing only in an additional heat treatment given 
to one set. The parameters of the samples are given in the figure. There is a distinct attenua- 
tion of E2/E; for the heat treated samples around Wy, = 500 », while the rapidly cooled 
samples yield lower values for £2/E, at small Wp. 

Experiments like these reported here seem to indicate that the transmitted phonon 
drag is a powerful tool in investigating all kinds of processes involving phonons. 


EFFECT OF SiO, PRECIPITATES 


| 


x io” cm” 
10 em? 


50 hr at 
1300°C only 


250 


Wp—> 


Fic. 2. Measurement of the transmitted phonon drag on samples 
containing two sizes of SiOz precipitates. 
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THERMOELECTRIC EQUIVALENT CIRCUITS 


WILLIAM H. HARTWIG* 


ABSTRACT 


ANALYSIS of transistor circuits contributed much to the early acceptance of these devices 
by circuit designers. Thermoelectric circuits can be similarly represented starting with the 
entropy equation and Onsager’s reciprocal relations. The flow quantities of current and heat 
and potential quantities of voltage and temperature can be interrelated using two simul- 
taneous equations similar in form to those written for four terminal networks of all kinds. 

This paper derives several equivalent circuits and defines sets of admittance and impe- 
dance parameters. The Onsager coefficients are written in terms of physical parameters 
such as the electrical and thermal conductance, the Peltier coefficient and Seebeck voltage. 

Two generator equivalent circuits are presented. The parameters can be treated as con- 
stants which permit simple expressions for power and efficiency. The equations become 
non-linear if temperature dependence of the parameters is included. 

The effects of contact losses and heat storage are introduced with equivalent resistances 
and capacitors. Transient behavior is examined as a circuit problem with equivalent time- 
constants derived for simple cases. 


* The University of Texas, Austin, Texas ; and Texas Instruments, Inc., Dallas, Texas. 
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ANISOTROPY OF THE SEEBECK COEFFICIENTS OF 
BISMUTH TELLURIDE 


JANE H. DENNIS* 


Summary—Anisotropy in the Seebeck effect is found to arise in two separate theoretical situations. 

It will arise in a single-carrier system when there are two competing scattering mechanisms. One of these 
(lattice scattering, for example) must be isotropic. 

The anisotropy will arise in a two-carrier system when there is only a single scattering mechanism. In 
this case, the anisotropy arises because the conduction and valence band structures are not identical; hence 
the ratio of the mobility of holes to the mobility of electrons is different in the two principal crystallographic 
directions. 

The single-carrier, multiple-scattering theory of the anisotropy is confirmed experimentally on n-type 
iodine-doped Bi,Te, at low temperatures (100-300°K). The multiple-carrier, single-scattering theory is 
confirmed on stoichiometric undoped Bi,Te, at high temperatures (300-700°K), when mixed conduction 
has set in and lattice scattering predominates. 


INTRODUCTION 


MATERIALS With anisotropic crystal structures may in general be expected to have aniso- 
tropic electrical and thermal conductivities. However, the Seebeck coefficient tensor will 
be anisotropic only under two rather special conditions. One way to make the Seebeck 
effect anisotropic is to cause two scattering mechanisms to operate simultaneously. One of 
these mechanisms must be anisotropic, although the other may be isotropic. Another 
Way is to cause comparable conduction to take place by electrons and holes simultaneously. 

We have obtained anisotropy in the Seebeck effect from both of these causes in the 
same material, BizTe3, although over different temperature ranges and with different 


dopings. 


HISTORY 


\nisotropy in the Seebeck effect was first observed in 1927 by Boydston [1] in the 
semimetal bismuth. A preliminary search through the abstracts (in 1959) led us to believe 
that the theoretical calculation of the Seebeck coefficients of bismuth had not been carried 
out, so we proceeded with it ourselves. Later we discovered a paper published by B. S. 
Chandrasekhar [2] in October 1959, in which the calculation had been made. Our inde- 
pendent results for bismuth agree with his. We have also made a similar calculation for 
bismuth telluride. 

H. J. Goldsmid [3] in 1957 observed the kind of anisotropy in the Seebeck effect in 
BigTes which we now believe is caused by mixed scattering. Goldsmid however showed, 
by a very approximate treatment, only that it could be caused by a relaxation time which 
was a different function of energy in different crystal directions. His approximations also 
predicted a relationship between the anisotropy of the Seebeck coefficients and the con- 
ductivity ratio of the form 


S3 (‘) d (o;/03)/d In AT (1) 


* Now at Lincoln Laboratories, Massachusetts Institute of Technology, Lexington, Massachusetts. 
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where the subscript | refers to directions parallel to the cleavage plane, and 3 to directions 
perpendicular to it. The plus sign refers to p-type conduction. 

We have shown that the necessary relaxation time tensor with anisotropic energy depend- 
ence can be obtained by the simultaneous action of two competing scattering mechanisms, 
and we have made a rather complete confirmatory analysis using the many-valleyed model 
of the band structure of BizTes. This is the same model suggested and used successfully by 
Drabble [4, 5, 6] to interpret magnetoresistance data on this material. 


THEORY OF THI ECK COEFFICIENT FOR SINGLE-CARRIER 


SEEB 
CONDUCTION AND A MIXED SCATTERING MECHANISM 


[he perturbation of the equilibrium particle distribution function arising from electrical 
and thermal gradients is found by means of Boltzmann’s equation. The flux of particles 
due to these gradients is then computed from the equation 


J” dp (2) 


according to integration based on Drabble’s many-valleyed model of the band structure of 
BioTes, referred to before. The relation between the flux of particles and the gradients 


assumes the form 
(3) 


when 


is electro-chemical potential 
e is the Fermi level 
¢ is the applied electrical potential 
The Seebeck coefficient of a material such as Bi2Teg is given by the limit of the Seebeck 
voltage measured across a thermocouple made of this material and another one (such as 
copper) whose Seebeck coefficient is much smaller, as the applied temperature difference 
of the two junctions approaches zero. Hence it is given by the gradient of potential per unit 
temperature gradient, with the current equal to zero, or 
a i- 
s B (5) 
eT 
The « and B tensors are anisotropic, but their ratio is not unless the relaxation-time tensor 
has a non-factorable energy dependence. 
In an anisotropic crystal the lattice relaxation time will be of the form 
733 — (6) 


which has a factorable energy dependence. Hence lattice scattering alone, although aniso- 
tropic, will not give an anisotropic Seebeck effect. Suppose we postulate that another 
(possibly isotropic) form of scattering (by impurities, for example) with a relaxation time 
of the form 

T cet 


Operates simultaneously with lattice scattering and independently of it. 


€— ep (4) 
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Fic. 1. Seebeck coefficients of iodine doped n-type BieTes. 
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Then 


T lattice T impurity 


Thus the relaxation time tensor will have a non-factorable energy dependence. Hence an 
anisotropic lattice scattering acting simultaneously with even an isotropic impurity scattering 


will give an anisotropic Seebeck effect. 
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Fic. 3. Conductivity and conductivity ratio of iodine doped n-type BizTes. 
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EXPERIMENTAL VERIFICATION 

The Seebeck coefficient of iodine-doped (n-type) BizTes is shown in Fig. | and is seen 
to be anisotropic by 25 out of 200 »V/deg. This anisotropy is believed to be an indication 
that there is appreciable scattering by a mechanism other than lattice scattering in the 
iodine-doped material. This conclusion is consistent with the fact that the Seebeck coeffi- 
cient of undoped p-type material, as shown in Fig. 2, is seen to be isotropic at temperatures 
below that at which mixed conduction begins. 
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Fic. 4. Conductivity and conductivity ratio of undoped p-type BizTes 


The conductivity ratio of n-type iodine doped material plotted against log #T is shown 
in Fig. 3 and is seen to have a slope of 0-25. From equation (1) the difference between the 
Seebeck coefficients should be 


Si — S3 (‘) d(o,/o3)/d In 


= —(86-2uV/deg) 0-25 
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which is very nearly that observed in Fig. |. As mentioned previously, whereas this is the 
same calculation made earlier by H. J. Goldsmid, the present theory for the effect and the 
interpretation of the results is a good deal more complete than the earlier ones. 

The slope of the conductivity ratio of undoped p-type material as shown in Fig. 4 is 


seen to be zero. 


THEORY OF THE SEEBECK COEFFICIENT FOR TWO-CARRIER 
CONDUCTION AND A SINGLE SCATTERING MECHANISM 


For the two-carrier case with a single scattering mechanism the current is given by 


T 
J ae) Vu (Br B.) (10) 


g (tn Me) (Br — Be) 
eT 
which assumes the form 
m, 3/2 
1, 3 
m, Me/ 1, 3 
where A, B, C, and D are functions only of the Fermi levels. In fact B and D are either 
very large or very small for one-carrier systems, and of intermediate value for two-carrier 
systems. 

It is seen from equation (12) that, if we assume only a single scattering process, the 
Seebeck coefficients will be anisotropic only if the ratio of the mobility of holes to the 
mobility of electrons is different in different directions, and if there is simultaneous compar- 
able conduction by holes and electrons. 


EXPERIMENTAL VERIFICATION 


There is mixed conduction in BizTeg beginning slightly above room temperature, and 
it is seen in Fig. 2 that the Seebeck effect does become anisotropic in this temperature 
range. 

We have also made a theoretical calculation of Seebeck coefficients vs. temperature 
using the mobility ratios of Drabble, Groves and Wolfe [5] (which we assumed to be con- 
stant with temperature). We obtained the Fermi levels from the conductivity data of 
Shigitomi and Mori [7] and then compared the calculated Seebeck coefficient curve with 
Shigitomi and Mori’s experimental Seebeck coefficient curve on the same sample from 
which the conductivity data was taken. The resulting plot is shown in Fig. 5 and is seen to 
follow their experimental points quite well. 


CONCLUSION 
It has been shown theoretically and verified experimentally, using as primary example 
the semiconductor BieTes3, that anisotropy of the Seebeck effect may be obtained basically 
in two ways. One way is to cause comparable conduction to take place simultaneously by 
holes and electrons, in the presence of a single scattering mechanism. Another way is to 


and 
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cause two scattering mechanisms to operate simultaneously. One of these mechanisms must 
be anisotropic but the other may be isotropic. In general, a mixture of the above two con- 
ditions would also be expected to give an anisotropic Seebeck effect. 
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Fic. 5. Calculated curves of the Seebeck coefficients of p-type BisTes along with the 
experimental points of Shigitomi and Mori [7]. 
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THERMAL CONDUCTIVITY IN SEMICONDUCTORS 
AT HIGH TEMPERATURE* 


B. ABELES, G. D. Copy and D. S. BEERS* 


ABSTRACT 


THE THERMAL conductivity K of a semiconductor is composed of a lattice and an electronic 
contribution which are additive; K = Kya + Ker. The lattice conductivity, Kpp, is deter- 
mined by phonon-phonon scattering and/or scattering of phonons by static imperfections. 
The electronic contribution is given by Ke; = LoT where L is the Lorenz number generalized 
to include the ambipolar effect [1], o is the electrical conductivity and 7 the absolute 
temperature. 

To study the above processes, the thermal diffusivity (thermal conductivity K divided 
by specific heat C) has been measured by a modification of Angstrém’s method [2], on 
Si, Ge, InSb, AgSbTez and GeSi alloys. The temperature range of measurement was from 
300°K to close to the melting points of the materials. In contrast to the standard ways of 
measuring K, the diffusivity method is accurate even at high temperatures. 

The thermal conductivity K was derived from the measured values of the diffusivity 
K,/C using published values of C. In cases where data for C were not available, its values 
were estimated from the Debye temperature and the Dulong-—Petit law. 

In the case of Si, Ge and InSb it was found that Kp,/C = a/[T — (0/3)] where a is 
a constant of the material and 0 is the Debye temperature. Leibfried and Schlémann [3] 
derived, for the case of phonon-phonon scattering, the theoretical value a = 5-7 x 10°5 
aM@3/(¥2C (cm? sec~! deg), where a*(A) is the atomic volume, M is the mean atomic weight 
y the Griineisen constant, and C(Wdeg~! cm~*) the specific heat. Good agreement was ob- 
tained between the theoretical and measured values of a if one sets y = 2:5. However, this 
value of y is much higher than the experimental values of 0-4, 0-7 and 0-5 reported [4] for 
Si, Ge and InSb respectively. The electronic contributions K,;, obtained from the measure- 
ments of K/C, were found to be in agreement with those computed from theory [1]. 

The results for the compound AgSbTez and the alloys Ge—Si indicate that the dominant 
mechanism determining Kya in this case, is scattering of phonons due to a disordered lattice. 
The relevance of some recent theoretical results for disorder scattering [5, 6] to the experi- 
mental results will be discussed. 
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EFFECTS OF UNIDIRECTIONAL PRESSURE ON THE THERMAL 
E.M.F. OF BI,TE; 


W. TANTRAPORN* 


Summary—The change of thermal e.m.f. in BizTes single crystals when unidirectional pressure is applied 
along the trigonal axis was measured at room temperature. The fractional change of the thermal e.m.f. along 
the trigonal axis under such pressure appears to approach a saturation value of a few per cent, and is positive 
for the p-type, negative for the n-type. The magnitude of the change varies with the carrier density, and may 
be explained qualitatively in terms of the change of the carrier density by the pressure. 


INTRODUCTION 


THE EFFECT of pressure on the performance of a thermoelectric material has not been very 
extensively investigated. Yet, the presence of internal stress is to be expected when the 
material is under a thermal gradient, whether it is exposed or encapsulated. It is interesting 
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Fic. 1. Schematic drawing of the sample and electrode-press arrangement. 
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to see to what extent a thermoelectric material may be affected by stress. To this end, 
single crystal of BizTes was chosen. Firstly, because the crystal is mechanically soft, and 
therefore large strain could be expected from simple, small stress apparatus. (Note that theo- 
retically one expects the strain to be the independent variable in calculating the effects on 
the material properties). Secondly, BizTes is already a good represeniative of thermoelectric- 
materials. Lastly, piezogalvanomagnetic [1] and piezoresistive [2] measurements on Bi, 
which has similar structure as BioTes, showed anomalously large effects due to anisotropic 
deformations. By investigating the effect of the unidirectional pressure along the mechanic- 
ally weak trigonal axis of BioTes, the results would likely be applicable to the polycrystalline 
case, for it may be expected that microscopic crystals in the polycrystalline aggregate would 


be deformed practically only along that axis. 


EXPERIMENTAI 

A schematic diagram of the experimental arrangement is given in Fig. |. The electrodes 
were of nickel plated copper. The temperature difference of about 10-20 C was maintained 
across the sample by means of Kanthal wire heater. The thermocouples used were 5 mil 
chromel-alumel. The samples were in right parallelopiped form, approximately 5 mm on 
each side. The pressure along the trigonal direction was applied by the balance pan pushing 
against the rigid upper bridge. (Not shown is a lucite guide to prevent the relative transverse 
motion of the two electrodes.) Due to the large thermal capacity of the electrodes and the 
shield afforded by the lucite guide, the sample was maintained at equilibrium such that 
the voltage measured through the electrodes is stable to within +0-1 per cent. The range of 
pressure applied was up to 2 « 108 dyn/cm?. 

The measurement of the Seebeck voltage as a function of pressure, however, contains 
relatively large nonreproducibility, speculated to be due to the imperfect elasticity of the 
samples. Such measurements of the changes in the Seebeck voltage in various samples are 
shown in Fig. 2. The vertical line at each point indicates the spread of two successive 


measurements. Defining, for convenience, 


S33 — the ratio of the voltage developed along the trigonal direction to the temperature 
difference along the same direction, 
P33 — the pressure due to the force along the trigonal direction on the surface normal 


to that direction, 


then the piezothermoelectric coefficient is defined by 


S33(P33) — S33(0) 
p,  Ps3 Ss3(0) 


I "33 lim 


Also let 
maximum value, if exists, of S33(P33) — S33(0) 
433 
S33(0) 

The results are then conveniently summarized in Table |. 
The reader is reminded of the fact that the absolute values of S33 given are not very accurate 
due to the relatively large errors in the two thermocouples’ readings. The relative values, 
and hence J’33 and 433 are, however, accurate to within the error spread given in Fig. 2. 


Effects of Unidirectional Pressure on the Thermal e.m.f. of BizTes 


TABLE I. SUMMARY OF RESULTS ON INDIVIDUAL SAMPLES 


Seebeck Piezo- Maximum 
coefficient thermoelectric change 
at zero coefficient at in Seebeck 
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Fic. 2. Changes in the Seebeck coefficient as a function of pressure. 
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DISCUSSION 
If one writes n, n, and p, 4» as the density, mobility of electrons and holes respectively, 
then qualitatively: 
the Seebeck coefficient S ~ (pup — nen)/( pep Neen): 
the electrical conductivity ~ + npn). 


[he effect of pressure is generally thought of as to change the mobility of the charge carrier. 
If one disregards the minority carriers in the samples used, then the Seebeck coefficient 
depends, if any, only weakly on the mobility compared to the dependence of o on pu. Thus, 
the effect of pressure can be expected to be larger for the piezoresistive effect than for the 
piezothermoelectric one. An experiment was performed on the sample pl, whose piezo- 
thermoelectric effect is as large as 4 per cent. There was no piezoresistive effect observed to 
within | per cent. 

If one invokes the possibility of the change in the carrier density, then the results in 
Table | can be qualitatively understood in terms of the hypothesis that the effect of pressure 
is to cause an increase in p. For then the absolute magnitude of the Seebeck coefficient in 
the p-type would increase and that in the n-type would decrease. The amount of change 
would be relatively larger for the relatively smaller unstressed value. This hypothesis was 
used by Kuczynski [2] in explaining the piezoresistive effect in antimony. Due to the aniso- 
tropic compliance, the compression along the trigonal axis is accompanied by only a small 
lateral dilatation. The specific volume decreases, and therefore the size of the Brillouin zone 
in the reciprocal space increases. The valence zone thus can accommodate more electrons. 
In other words, such pressure would create new holes, or decrease the number of the 
electrons in the conduction band, explaining the observed results. 

It should perhaps be remarked that the geometry of the experiment also precludes the 
possibility of the anisotropic population transfer among the multiple valleys of the band 
structure. 

CONCLUSION 


With pressure up to the yield point of the crystal (~ 2 x 108 dyn/cm?), the change 
of the Seebeck coefficient in heavily doped BizTes amounts to only a few per cent. With the 
known data available [3], the best piezoresistive coefficient is approximately 3 x 10-1° 
cm?/dyn in other semiconductors. It appears that in general the effects of pressure on the 
Seebeck coefficient and electrical conductivity will be of minor interest and little worries 
to the thermoelectricians. 


Acknowledgement—The author wishes to thank Dr. J. R. Drabble for the single crystals of BizTes used 
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EFFECT OF HYDROSTATIC PRESSURE ON THE RESISTANCE 
AND THE SEEBECK COEFFICIENT OF »-TYPE GaSs* 


A. SAGAR and R. C. MILLERT 


ABSTRACT 


THE SEEBECK coefficient and resistance of n-type GaSb under hydrostatic pressure (up to 
18,000 atm) was measured between 200°K and 400°K for samples with different carrier 
concentrations. Both these properties increased continuously with pressure up to 10,000 
atm after which they seemed to approach a constant value. For example the Seebeck co- 
efficient for a sample with Ry ~ 10 coul-! cm? at normal pressure was found to be 180 nV/°C 
at 200°K ; 290 nV/°C at 300 °K and 345 V/°C at 400°K. These values increased to 480 
at 200°K; 500 »V/°C at 300°K and 490 n.V/°C at 400°K respectively at 10,000 atm. The 
resistance of the same sample increased by a factor of 4-4 at 200°K; 2:8 at 300°K and 2-2 
at 400°K within a pressure range of 9000 atm. Similar effects were found for samples with 
different values of Hall coefficient. 

These effects can be explained on the basis of our knowledge of the conduction bands 
for this material, with the lowest band-minimum in the center of the Brillouin Zone and 
the next minimum along (111) directions in K-space. The energy separation between the 
two bands under normal condition is about 0-08 eV; and the density of states in the upper 
bands is about 40 times that in the lower band. So that under normal conditions the carriers 
are distributed in the two bands according to the Fermi Dirac or Boltzmann statistics, 
as the case may be. Under hydrostatic pressure, the two bands approach each other and 
at about 10,000 atm, the energy separation between the two is about zero. Thus at about 
this pressure practically all the carriers are in the (111) band and the transport properties 
exhibited by this material at such pressures will be characteristic of this band. 


* Sponsored by the U.S. Navy, Bureau of Ships. 
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OPTICAL AND THERMAL ENERGY GAPS 
IN POLAR SEMICONDUCTORS 


EDWARD MILLER, KURT KOMAREK and IRVING CADOFF* 


ABSTRACT 


[THE MINIMUM energy gap of a semiconductor is usually obtained from either the infrared 
absorption edge, or from measurement of the resistivity or Hall coefficient as a function of 
temperature. While in elemental semiconductors the values for the energy gap obtained 
by these two techniques agree fairly well, in compounds marked discrepancies may be 
observed, in that the optical gap is less than the thermal gap. 

The optically observed energy gaps of PbTe and PbSe extrapolated to 0°K are approxi- 
mately 0-2 eV less than those obtained from thermal measurements. The samples were 
sealed in evacuated Pyrex capsules during elevated temperature measurements to prevent 


any composition change due to the unequal vapor pressure of the two constituents. Room 


temperature resistivity values obtained before and after the thermal measurements were in 
agreement. Our experiments indicate that the difference cannot be explained by excess 
carrier formation at elevated temperatures due to retrograde solubility in the systems studied. 
Formation of defect is a more likely mechanism. 


* Metallurgical Engineering Department, College of Engineering, New York University. 
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COMPLEX THERMOELECTRIC ALLOYS EXHIBITING 
POISING BEHAVIOR* 


JOHN B. CONN, EDWARD J. SHEEHAN and RosBert C. TAYLOR + 


INTRODUCTION 


THE ALLOY system Bi;Sb)2—,)Te3 has been studied at length by various investigators in- 
terested in the development of improved thermoelectric materials. Wright [1] reported a 
minimum in the phonon component of thermal conductivity at the composition BiSbTes 
without reduction in electron mobility. Smirous and Stouraé [2] described an alloy based 
on BisTeg . 3Sb2Te3 and containing about 4 per cent excess tellurium together with 0-05 
per cent germanium doping agent: a figure of merit in excess of 3-5 « 10°3/°K was claimed 
for it. In these laboratories, P. I. Pollak and H. Flynn encountered an anomaly in the 
system Bi;ySbi2-xTes at the composition BiSbTes3, characterized by irreproducibility in 
Seebeck coefficient with tendency to become n-type. Addition of excess tellurium does not 
render the composition stably ”-type; on the contrary, it becomes reliably p-type. 

Stoichiometric antimony telluride is in itself rather peculiar by comparison with bismuth 
telluride since it exhibits degenerate behavior. While the metals are nominally trivalent in 
both compounds, they contain s electrons which, in the case of bismuth, hardly ever are 
involved in bonding, whereas in antimony, involvement is common; moreover, the existence 
of mixed-valence compounds of antimony is well documented. (One can cite, for example, 
the stable oxide Sb2O, and the complex salt Cs2SbSl¢.) The question is therefore raised as 
to whether one can account for the behavior of an alloy such as that described by Smirous 
and Stouraé in terms of a classical poised system, at least to a first approximation. If this 
be the case, one should be able to arrive at a system formulated as (BirSbi2-71.)*(Tezy) 
which would react very sluggishly to changes in composition. 

This hypothesis has been tested on the alloy BizTeg . 3Sb2Tes to which a small amount 
of selenium has been added, as suggested by Wright. Specifically, the central composition 
chosen was BiySbioSeTe25, which can be written as: 

Bij+ Sb3+ Sb3+ Se= Te>, 


i.e., electrically neutral. Despite the considerable excess of tellurium which it contains, the 


alloy is p-type and exhibits average parameters S +195 nV/°K, p = 13-0 x 10-4 ohm 
cm, and «x = 0-0155 W cm™! deg™!. Using a Bridgman furnace with bilateral heat shields 
so placed as to expose less than half of the ingot to direct radiant heat, ingots can be obtained 
which consist of parallel-oriented crystals. These show perfect vertical cleavage and good 


resistivity profiles. 

The X-ray diffraction pattern suggests a solid solution of bismuth and antimony tellur- 
ides, but extra lines are present which could be ascribed to tellurium or a phase rich in 
bismuth telluride. However, the cleavage properties and flat resistivity profile were hard 
to reconcile with an inhomogeneous system; the alternative was to assume that the alloy 


* Work supported by the Bureau of Ships, U.S. Navy, under Contract Nobs-78503. Material for this 
publication was selected from Progress Reports Nos. 1-3, covering the period June-November, 1960. 
+ Merck Sharp & Dohme Research Laboratories, a Division of Merck & Co., Inc., Rahway, New Jersey. 
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is homogeneous but possesses a lattice of symmetry lower than the R3m characteristic of 
BieTes and SbeTes. It was found that the extra reflections could be incorporated if the a 
axis of the triply primitive unit cell were multiplied by 4, giving for the alloy a = 17-14A, 
c = 30-44A. The measured density is 6-85 g/cm, which requires 6 (BigSbioSeTe25) per 
unit cell, for a total of 240 atoms, i.e., a superstructure. 

Whether or not a superstructure does exist, one can define a unit: 


BizaSb ry Se6 X 12 


which can be manipulated integrally so as to yield twenty alloys, with varying ratios of 
Sb** and Sb®* populations. This procedure was adopted as a means for locating the compo- 


sition having optimum combination of parameters. 


EXPERIMENTAL 


Materials 
Bismuth, selenium, and tellurium were American Smelting & Refining Co. 99-999 per 
cent quality. Antimony of listed purity 99-999 per cent was obtained from United Mineral 


and Chemical Corp. 


Equipment 
The Bridgman unit was made from a split-coil combustion furnace with transite inserts 
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Fic. 1(a) and (b). Seebeck coefficient and electrical resistivity of alloys in the 
system Bir,Sby2-x)Tes as a function of x. 
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clamped between the halves in such a position as to shield more than 50 per cent of the 
ingot from direct radiation. Interesting alloys were also prepared by zone-levelling. 


Procedure 


Component elements were crushed as required in mullite mortars and weighed out on 
an analytical balance. Master mixes totalling either 25 or 100 g were charged into quartz 
tubes which had previously been coated with carbon by cracking at 900-950° acetone vapor 
carried in a nitrogen stream. The tubes were evacuated to | «, sealed, and heated hori- 
zontally in a hinged, split-coil combustion furnace. When fusion was complete, the furnace 
was rocked to ensure mixing, after which the melt was quenched. The billets were crushed 
sufficiently to charge into 8 mm quartz crystallization tubes, which were likewise evacuated, 
sealed, and then passed through the Bridgman equipment at 6-75 in/hr. Maximum furnace 
temperature was 685°C. 


Measurements 

Seebeck coefficients were measured against aluminium, with the cold end at room 
temperature, and a 10-degree differential. Resistivities were determined by use of two-point 
probe equipment. Thermal conductivities were obtained by measuring heat input necessary 
to maintain one end of the piece at room temperature, while the other was cooled in an 
ice-sink. 


RESULTS AND DISCUSSION 


Graphs of Seebeck coefficient, resistivity, thermal conductivity, and figure of merit 


versus the compositional factor X are given in Figs. l(a) and (b); 2(a) and (b). Data below 
X = 4 are of poor reliability because of tellurium vapor pressure difficulties. The Seebeck 
coefficient shows a broad maximum centering at about ¥ = +-6. Resistivity passes through 
a sharp peak at X¥ = +2 and diminishes thereafter, while thermal conductivity likewise 
is at a maximum for X¥ = -+-2, but at a minimum for XY --8. The combination of these 
variables leads to a steep maximum in figure of merit at XY = +8, where it attains 
2-8 x 10° “K-! and has perhaps reached as high as 3-2 x 10°-° “K~1. This composition, 
(BizaSbesSegTe142), has been subjected to considerable preparative study. Most consistent 
parameters are observed on zone-levelled ingots, where S = --205 — 215 »V/°K, and 
p = 95 — 10-5 = 10-4 ohm cm. These are independent of source material origin, provided 
that the elements are of comparable purity. On the other hand, the thermal conductivity 
has shown considerable variation with antimony sample; the lowest figures (0-0115-0-0127) 
were obtained with one lot which had a surface so drossy as to require cleaning with con- 
centrated hydrochloric acid before use. Other lots have led to ingots with thermal con- 
ductivity as high as 0-0143 W cm~! deg~!; the variation appears connected with the gross 
structure of the ingot, but attempts to pin it down have thus far not been very successful. 
There is indication that oxygen may play a role; however, experiments involving addition 
of small amounts of antimony oxide have been inconclusive, since in its presence, quartz 
tubes break unless they have been carbon-coated prior to fusion. The reducing action of 
the carbon obscures the oxygen effect. 

Hall-effect measurements on Alloy 68 show hole concentration to be 2:2 « 10!% cm 
and mobility 320 cm? V~! sec~!. Alteration in the number of selenium atoms per unit of 240 
from 0-12 disclosed that the optimum number is 6; for N < 6, thermal conductivity in- 
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THERMAL CONDUCTIVITY 
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FIGURE OF MERIT 
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Fic. 2(a) and (b). Thermal conductivity and figure of merit of alloys in the 
system Bi,Sby2-z)Tes as a function of x. 
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Fic. 3(a) and (b). Seebeck coefficient and electrical resistivity of BizaSbesSeeTe142 (Alloy 68) with 
various additions of mercury. In both cases, the abscissa is weight per cent mercury. 
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FIGURE OF MERIT 


0-2 0:6 1:0 1:4 
Fic. 4(a) and (b). Thermal conductivity and figure of merit of mercury-doped specimens 
of Alloy 68 as a function of the concentration of mercury. 


ELECTRICAL vs. THERMAL CONDUCTIVITY 
ALLOY 68 DOPED WITH MERCURY 
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Fic. 5. Electrical conductivity of mercury-doped Alloy 68 as a 
function of its thermal conductivity. 
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creases and for N > 6 resistivity increases, both in a non-compensatory way, so that the 
figure of merit is less on either side. 

None of the alloys thus far discussed contain any extraneous doping elements. The effect 
of copper and mercury on the alloy ¥ = 8 has been investigated; both are acceptors, but 
the behavior of mercury was uniform, while that of copper was erratic. Graphs of Seebeck 
coefficient, resistivity, thermal conductivity, and figure of merit as functions of mercury 
concentration are given in Figs. 3 and 4. In Fig. 5, electrical conductivity is plotted against 
thermal conductivity for the purpose of determining the phonon component. Line | repre- 
sents the Wiedemann—Franz law for non-degenerate semiconductors, and line 2 for the 
degenerate case. The points on line 3 are taken from the data of Figs. 3(b) and 4(a). The 
lower four, representing the doping range 0-0—0-4 per cent mercury, fall on a branch parallel- 
ing the non-degenerate line; from 0-4—0-75 per cent mercury, a second branch parallels 
the degenerate line. Extrapolation of line 3 to zero conductivity gives Kp, = 0-007; W 


cm~! deg"! for the alloy — 8. 


CONCLUSIONS 

The existence of a resistivity peak in the vicinity of the composition where the statistical 
valence of antimony is calculated to be 4+-, together with the sluggish change in Seebeck 
coefficient over the range Y 2 to --10 lends support to the use of the poising concept 
as a methodology in exploring complex non-stoichiometric thermoelectric materials systems 
involving elements capable of more than one valence state. The anomalous relationship 
between resistivity and thermal conductivity which occurs over much of the compositional 
range for the alloys above described, gives rise to hope that similar but even more efficient 


combinations can be found. 


Acknowledgement—-Measurements of thermoelectric parameters were carried out by G. V. Downing 
and C. J. Barclay 
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Note ADDED IN PROOr 


Since the preparation of the manuscript for this paper in October 1960, it has been shown by metallo- 
graphic examination that the bismuth—antimony selenide—telluride system in the region of excess 
tellurium is not homogeneous, but contains a tellurium-rich phase which is distributed uniformly between 
parallel crystals of the telluride solid solution. The poising concept which was advanced must therefore 
be discarded. The fact remains, however, that optimum thermoelectric performance is achieved only in the 
presence of the tellurium phase and at the composition found. The reason for this behavior is obscure, 
but may reside in the gross structure of the ingot. 
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GROWTH OF SINGLE CRYSTAL BISMUTH TELLURIDE 


FREDERICK J. STRIETER* 


Summary—Single crystals of bismuth telluride have been grown by the Teal—Little method to prepare 
material suitable for the evaluation of the physical properties. The non-cubic symmetry of the crystals is 
evident from the lamellar shape in which they grow. Crystals were pulled perpendicular to the c-axis. 
Crystals grown from an initially stoichiometric melt were all p-type. Crystals of n-type material were 
successfully grown using iodine doping. 

Some of the problems encountered in growing the crystals are discussed. They included various types of 
polycrystalline growth, scum formation on melt surfaces, and difficulty in pulling more than 4 or 5 single 
crystals from one charge. 


INTRODUCTION 


IN STUDYING the physical, electrical, and thermoelectric properties of bismuth telluride, one 
must make the studies under known, reproducible conditions. In a non-cubic crystalline 
material like bismuth telluride, the properties are dependent on the orientation of the speci- 
men. With the random crystallite orientation in polycrystalline material, there is no way of 
knowing the exact crystallite orientation in various samples. For this reason it is desirable to 
have single crystal material available when making physical, electrical and thermoelectric 


measurements. 

This work is by no means the first report on single crystal bismuth telluride. Large 
single crystal regions have been reported in material obtained by the Stockbarger method 
{1, 2]. Values of the thermoelectric properties of single crystal material have also been 
reported [2, 3]. This paper emphasizes some of the problems encountered in growing single 
crystal BisTes. 

EXPERIMENTAL PROCEDURES 


Single crystals of bismuth telluride were grown by the Teal—Little method. The crystal 
puller consists of a heat source, material container, and seed-crystal holder. Electrical 
resistance heating is used to melt the sample. 

The heater is enclosed in a quartz jacket to prevent contamination of the material. The 
110 V a.c. power is regulated by a constant voltage transformer. Current is adjusted with 
two Variacs in series; these provide a stable, easily-regulated power source. 

A quartz crucible, supported by the heater liner, holds the melt, and the seed crystal is 
held in a steel chuck. This chuck is attached to a shaft, rotated and pulled up by two separate 
motors, each independently variable. The entire assembly is enclosed in an open-end Pyrex 
tube, with one end seated on a baseplate. The other end is fitted with a plate through which 
the shaft passes. 

A charge of ingot bismuth telluride (100 g) was cleaned and etched in dilute aqua regia 
solution, rinsed with distilled water, and allowed to dry. The ingot then was placed in the 
crystal puller and the assembly closed. Air was flushed from the puller with helium gas at a 
flow rate of 8-10 ft®/hr. The bismuth telluride was melted with the pressure in the container 
at 2-3 mm of Hg above atmosphere. Because of the large thermal capacity of the puller, 
equilibrium temperature was reached slowly. Therefore the melt was allowed to stand at 


* Central Research Laboratory, Texas Instruments Incorporated, Dallas 22, Texas. 
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pulling temperature 10-15 min after the last of the BigTes melted. When a small portion of 
the melt froze out along the surface of one side of the crucible and remained constant in 
size, the seed crystal was lowered into the melt. The seed crystal was rotated at 8-10 rev/min 


+ 


and was pulled at a rate of 2-3 in per hr. 
In all of these experiments crystals grown from an initially stoichiometric melt were 
p-type. Even when a slight excess (2-3 per cent) of tellurium was added, the crystals remained 


p-type. This agrees with results reported in other experiments [4]. Crystals of n-type material 
were grown using iodine doping. 

Because of impurities present on the ingot, a clean melt is often difficult to obtain. How- 
ever, results are satisfactory if the ingot is etched with a 50°, aqua regia solution until the 
black tarnish often formed initially is removed. Precipitation of water-insoluble bismuth 
salts on the ingot can be prevented if the first few washings with distilled water are made 
acidic by adding a few drops of aqua regia. Often the ingot will have “blow holes” which 
should be carefully rinsed with distilled water. With these precautions, scum formation is 
minimized and should not interfere with crystal growth. 

From two to three grams of tellurium is lost by evaporation in each run. This tellurium 
vapor condenses on the Pyrex jar, but visibility is not seriously affected. 

Because the crystals grown were small (about 10 g), more than one crystal was pulled 
from each charge. After the fifth or sixth was pulled from the melt, crystal growing became 
exceedingly difficult, if not impossible. Undoubtedly the deviation from stoichiometry plays 
a part in the difficulty. Several experiments were performed in which twg grams of tellurium 
were added to the melt in order to replace that lost by evaporation in the previous run, 
but there was no improvement in results. 

Obtaining a single crystal seed presented one of the more difficult problems. The most 
successful method of obtaining a seed was to “neck down” to a very small point by allowing 
the melt to reach a temperature that melted the seed at the tip. The melt temperature was 
then lowered and the small point dipped in and allowed to grow. Several large crystals were 


obtained in this way. 


NATURE OF THE CRYSTALS 


Crystals vary in size. Length is limited to 3 in by the construction of the puller. The other 
dimensions are controlled by the size of the seed crystal and, more important, the tempera- 
ture at which the crystal is pulled. A cross-section is almost rectangular, with typical dimen- 
sions of about 2mm and 9mm. The crystals have a characteristic shape with two large 
parallel triangular sides (Fig. 1). 

Bismuth telluride has a rhombehedral crystal structure (space group R3m). This space 
group can be described by reference to hexagonal axes, and a hexagonal unit cell. The cell 
dimensions are a = 4-384 A, « 30-45 A [5]. The bismuth and tellurium atoms are arranged 
in layers perpendicular to the c axis; each layer contains only one kind of atom. The layers 
are arranged Te-Bi-Te-Bi-Te-Te-Bi-Te-—Bi-Te. This atomic layer arrangement accounts 
for the shape of the crystals and for their cleavage planes. The chemical bonding between the 
two Te layers is weaker than between Bi-Te layers [6]. Consequently it is easy to cleave the 
crystal between the two Te layers. All crystals were pulled in a direction parallel to the 
cleavage planes (perpendicular to the (0001) direction). Attempts to pull crystals perpendicu- 
lar to the cleavage planes were unsuccessful. 

Crystals grow in step formation often initiated by some small impurity (Fig. 2). The steps 


Fic. 1. Single crystals of bismuth telluride. 


Fic. 2. Impurity-initiated step formation in bismuth telluride. 
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range from 300-3000 A. The size of the steps is governed by temperature, with lower 
temperatures producing larger and more numerous steps. 

Many crystals start growing singly from the seed, but then become twinned or have 
satellite crystal formations. Twinning is difficult to detect in the course of growth, but 
satellite formations are easily seen because of their effect on the two large flat surfaces. 
The two main types of satellite formations are tetrahedral and pyramidal. Tetrahedral 
growth probably arises when an impurity nucleates additional crystallites, and is most 
common when the melt is not clean. Pyramidal growth is very rapid and takes place along 
the whole side of the crystal at once. Sometimes it occurs simultaneously on both sides, 
but more often on one side first, and then on the other. Pyramidal growth can be curbed by 
controlling the melt temperature so that there is little step formation. Definite correlation 
exists between pyramidal growth and step growth. 


THERMOELECTRIC MEASUREMENTS 

Only preliminary measurements of the various thermoelectric properties have been made. 
Because of experimental difficulties the thermal conductivity perpendicular to the cleavage 
planes has not been measured. Typical values of the room-temperature thermoelectric 
properties of these crystals are given in Table |. In order to assess the performance under 
operating conditions a small couple was constructed with no attempt to optimize the 
parameters. This couple produced a temperature difference of 49°C between the hot and 
cold ends. 


TABLE |. ROOM-TEMPERATURE THERMOELECTRIC PARAMETERS 
OF SINGLE-CRYSTAL BISMUTH TELLURIDE 


Seebeck Electrical Thermal 
coefficient resistivity conductivity 
(uV/°C) ( 2-cm) (W/cm°C) 


p-type—parallel to cleavage planes 197 0:0077 0-0189 
p-type—perpendicular to cleavage planes 190 0:0194 
n-type—parallel to cleavage planes 283 0:-0033 0-023 
n-type—perpendicular to cleavage planes 240 0-0148 - 


Acknowledgements—\ should like to thank Paul Goundry for providing the BizTes3 ingots and A. M. 
Bryant, John Stamper and Don Watson for measuring the thermoelectric properties. 
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THE EFFECT OF FREEZING CONDITIONS ON THE 
THERMOELECTRIC PROPERTIES OF BiSsTe; CRYSTALS* 


J. P. McHuGu, G. J. CosGrove and W. A. TILLERT 


ABSTRACT 


[HE EFFECTS of growth rate and interface temperature gradient on the thermoelectric 
parameters, a, 1/p, and |/(A—A,) were studied using Bridgman-grown, oriented polycrystals. 
\ll three parameters were found to increase as the freezing rate decreases and the temper- 
ature gradient in the liquid at the interface increases. The effects are primarily attributed 
to the variation in the degree of micro-segregation produced in the crystals by the freezing 


conditions. 


* Sponsored by the U.S. Navy, Bureau of Ships. A complete account of this work appeared in J. Appl. 
Phys. 37, 621 (1961). 
+ Westinghouse Research Laboratories, Pittsburgh, Pennsylvania. 
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THE EFFICIENCY OF LEAD AS AN ACCEPTOR 
IN BISMUTH TELLURIDE* 


A. C. SHECKLERT 


ABSTRACT 

PREVIOUS reports have shown that lead preferentially occupies an interstitial site in bismuth 
telluride, rather than a substitutional site. As a result, the lead does not contribute one hole 
for each lead atom added to the bismuth telluride. It is our contention that this occupancy 
of an interstitial site is actually a function of the high concentration (approximately 10'° 
atom/cm*) of lead in the bismuth telluride and of the rather poor crystal structure usually 
obtained in bismuth telluride. 

Our work has shown that, for proper crystal-growth conditions, the acceptor efficiency 
of lead approaches unity as a limit, i.e. all of the lead occupies substitutional sites in the 
bismuth telluride lattice, and consequently donates a hole to the lattice. 


* A complete discussion of this work will be published in an early issue of this journal. 
+ Carrier Corporation, Syracuse, New York. 
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THERMOELECTRIC PROPERTIES OF THE Bi, 
ISOMORPHIC COMPOUND SYSTEM 


M. H. LACHANCE and E. E. GARDNER* 


Summary—Properties of undoped BigTe;s 2)Sex compounds were measured at 300°K over the compo- 
sition range x = 0-3. Mode of conduction was observed to change from p to n at the composition x | 
The compound BisTes had the highest p-type conductivity, BizTe,Se the lowest conductivity, and BisSe 
the highest n-type conductivity. The relationship between Seebeck coefficient and electrical conductivity 
was found to resemble the Price Loop configuration. C-values for the selenium-rich half of the system were 
calculated to be constant, indicating conduction predominantly by one type of carrier. The p—n transition 
and reversal of property trends at BieTes,Se coincided with the position, previously proposed, of total 
occupation of the Te? atom sites by selenium. K7—K,: curve having two minima was obtained. These minima 
coincided closely with compositions for which maximum lattice distortion may be expected through prefer- 
ential occupation of Te? sites by selenium. 


INTRODUCTION 


PREVIOUS X-ray analyses [|—3] indicate the BizTes—BizSe3 system to consist of a continuous 
series of isomorphic (rhom.) BizTeg «Sez compounds. The thermoelectric properties of 
such compounds make an interesting study, since the mode of conduction changes from 
p-n with increasing values of x. Of added interest is the apparent existence of two types of 
tellurium sites and the proposed preference of one of these sites for selenium. 


EXPERIMENTAL PROCEDURES 
Preparation of compounds 


The bismuth, tellurium, and selenium used in this investigation were obtained from the 
American Smelting and Refining Company and were of 99-999 per cent purity. Prior to 
compounding, the individual elements were melted in Vycor under dynamic vacuum to 
reduce the concentration of gaseous impurities and to effect physical consolidation. After 
being weighed on a standard analytical balance, the constituents were loaded into Vycor 
capsules having a 10 mm i.d. upper section and a 7 mm i.d. nose section. Such design, 
together with the pre-melting described above, permitted compact loading, decreased the 
volume of occluded space, and minimized disproportioning due to differential vapor 
pressures. The charged capsules were evacuated to pressures less than 0-05 « of Hg and 
sealed. Extreme caution was used throughout to avoid contamination. 

Melting was conducted at 750-870°C for 30 min in a resistor-wound tube furnace. 
Concurrently, the longitudinal axes of the furnace and capsule were oscillated slowly 
through an angle of about 15° on either side of horizontal to promote homogeneity. Transfer 
to a Bridgman furnace was performed by rapidly drawing the capsule upward from the 
melting furnace into the Bridgman. Normal freezing was obtained by lowering from the 
hot chamber (~650°C) into an ice-cooled chamber at a rate of 10 mm per hr. 


Physical measurements 


All measurements were made on cylindrical samples of 7 mm dia. 
* Whirlpool Research Laboratories, St. Joseph, Michigan. 
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Prior to sectioning, electrical resistivities were obtained at five predetermined stations 
along the ingots. A modified four-probe method was used with two sets of flexible copper 
slings substituted for the point probes. A direct current of 0-2—1-0 amp was supplied by 
slings at the ends of the ingot and the potential drop across slings (spaced 1-0 cm apart and 
centered at the 5 positions) was measured on a Kintel microvoltmeter. 

Seebeck coefficients were determined on cylindrical samples 1-2 cm long. A sample was 
placed uniaxially between copper electrodes, maintained at a 10-0 + 0-1°C differential, and 
the e.m.f. generated was measured with reference to copper. 

The thermal conductivity apparatus used was as follows: A cylindrical sample was 
placed uniaxially in thermal contact with a cylindrical heater (copper, wound with No. 40 
manganin wire) and with a cyclindrical copper heat-sink. The heater-sample-sink column 
(7 mm dia.) was iiounted above a Dewar, with the lower end of the sink immersed in ice 
water. By means of a Plexiglas cover, a dead-air space was maintained around the column. 
Number 40 chromel-alumel thermocouples were embedded in the copper heater and sink, 
immediately adjacent to the copper-sample interfaces. A thermocouple was positioned in 
proximity to, but not touching, the heater to measure ambient temperature. By means of a 
four-pole two-gang switch, the hot and cold junction temperatures and the hot junction- 
ambient differential temperature were readily obtained. 

In measuring thermal conductivity, the power input to the heater was adjusted so that 
the hot junction-ambient differential temperature was zero. At this thermal equilibrium 
point, heater power input and temperatures of hot and cold junctions were recorded. 
[Thermal conductivity was calculated from « = (W/4T) (L/A), where W is the electrical 
power input, 47 is the temperature differential across the sample, and L/A is the sample 


length-to-area ratio. Using this method, reproducibility of « values was found to be within 
+5 per cent. The inherent error of the method is believed to result in « values slightly 
lower than the true values. A similar apparatus has been described recently by Downing [4]. 


RESULTS AND DISCUSSION 

Electrical conductivity and Seebeck coefficient 

Compositions investigated are listed in Table 1, together with corresponding experimental 
and calculated data for 300°K. Compounds defined by 0 = x <1 were p-type. Compounds 
(Table 1) defined by | < x <3 were n-type. At the composition x = 1, both p- and n- 
conduction were observed within the same sample. For this, as well as for closely bordering 
compositions, it is apparent that local inhomogeneities can result in relatively large variances 
of thermal e.m.f., since the latter values change markedly with small changes in composition. 

Electrical conductivity decreased monotonically from 729 2-1 cm~ at x = 0 (BizTes). 
to a minimum of 84 2-1 cm~! at x = 1-0 (BigTe2Se1), and then increased monotonically to 
1953 22-4cm~! at x = 3-0 (BigSes). These data support those of Austin and Sheard [1] who 
determined that optical energy gap increased linearly from 0-15 eV at x = 0 and reached a 
maximum of 0-31 eV at x = 0-9, at which composition a sharp change of slope occurred. 
With higher values of x, the energy gap was found to decrease gradually to 0-28 eV at x = 3-0. 

Seebeck coefficient data are plotted as a function of the logarithm of electrical con- 
ductivity in Fig. 1. The resulting curve approximates the Price Loop [5] configuration. 
Using the equation S = (k/e) (C — Ino), values for C were calculated as listed in Table 1, 
A C-value of 9-0 was determined at both x = 0 and 0-15. A C-value of 8-3 was determined 
for the selenium-rich compounds defined by x = 1-5, 1-8, 2-0, 2-33, and 3-0. In these, 
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TABLE |. THERMOELECTRIC PROPERTIES OF BigTE;3~x)SEx COMPOUNDS AT 300°K 


Composition | | Thermal conductivity 
(mW/cm °C) 
| 


S, 
(uV/-C) value* | 
| | 

0-00 | 212(p) 729 
0-15 231 (p) 591 
0-30 273 (p) 290 
0-50 290 (p) 206 
0-60 284 (p) 180 
1-00 ~0 84 
1-50 228 (n) 315 
1-80 180 (n) 513 
2-00 135 (n) 833 
2°33 109 (n) 1182 
3-00 | (n) 1953 


ox 


~ 


* Calculated from S — k/e (C Ino). 
+ Inconstant C values. 


SEEBECK COEF, 


ELEC. CONDUCTIVITY, OHM 


Fic. 1. Relationship between seebeck coefficient and electrical conductivity 
for BizTe;3_x)Sez compounds at 300°K. 


conduction is predominantly by electrons. Conduction for intermediate compositions of 
inconstant C is by mixed carriers. Assuming [6] that C = A + In 2(2am*kT/h?)9/2ep, 
where A is a factor containing the scattering parameter, m* the effective mass and p the 
mobility, then equal values of C are significant also in indicating equivalent scattering 
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parameters, effective mass, and mobility of carriers. This would appear to hold true in the 
selenium-rich half of the BisTes—BigSe3 system. 


Relation of electrical conduction to structure 

Several papers [7-10] have been published concerning the atomic arrangement and 
chemical bonding of bismuth telluride. A simplified atom model of bismuth telluride is shown 
in Fig. 2. Drabble and Goodman [10] (based on observations of Austin and Sheard [1]) 
hypothesized that, upon substitution, selenium atoms first enter Te® sites. When the Te* 
sites are occupied completely, they concluded that selenium then enters Te? sites. 


Planes 


> 
O 


Fic. 2. Arrangement of atoms in bismuth telluride as viewed parallel to basal plane, showing 
layer structure and two types of tellurium atoms. 


Considering the transition from BigTeg to BigSeg in light of the preferential-substitution 
hypothesis, BigTeg has the highest p-type conductivity in the system. Then, with initial 
substitution of selenium in Te? sites, Bi-Te? pair bonds would be replaced by more ionic 
Bi-Se? bonds. Here decreasing electrical conductivity and increasing energy gap [1] were 
noted. At x = 1, the Bi-Te? pair bonds hypothetically would be replaced by Bi-Se? bonds 
and the solid would consist of mutually-bonded Te!—Bi-Se?-Bi-Te! chains. At BizTeoSe 
the Seebeck coefficient is observed to cross zero, electrical conductivity is minimum, and 
energy gap is essentially maximum. With continued selenium substitution (now in Te! 
sites) the observed property trends are reversed, i.e., the sign of the Seebeck coefficient 
becomes negative, electrical conductivity increases, and energy gap decreases slightly. 


Thermal conductivit) 

Thermal conductivity data are listed in Table 1 and plotted in Fig. 3. The electronic 
component of thermal conductivity was calculated from ke; = (5/2 +- v) (k/e)?To, with 
y == — 1/2 assumed for non-degeneracy and lattice scattering. Values for «7 — Kez were 
found to decrease continuously from 16-5 mW/cm°C at x = 0 (BizTes), to a valley of 11-0 
mW units at x = 0-5, increase to an intermediate maximum of 15:2 mW units at x = 1 
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(BizTe2Se), decrease again to a valley of 10-6 mW units at x ~ 1-9, and finally increase to a 
terminal high of 18-2 mW units at x = 3-0 (BieSes). 

The double-minima curves of Fig. 3 merit careful consideration. Rosi and co-workers 
[11], using n-type CuBr-doped samples, obtained an intermediate «pp, rise with a maximum 
point atx = 1-5. On the other hand, Birkholtz [3], using n-type AgI-doped samples, obtained 
a smooth «py, Curve with a minimum at x ~ 0-6. 
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Fic. 3. Thermal conductivity of the BizTe3—BizSes system. 


Interpretation of Fig. 3 requires consideration of both the ambipolar contribution to 
the thermal conductivity and the preferential substitution hypothesis [10]. If the intrinsic 
condition and an energy gap of 0-30 eV [I] are assumed for BigTegSe (where Seebeck 
coefficient ~0), the maximum theoretical kam» according to Price equations [12] is 11-5 
mW/cm °C. Thus, where on = op and at bordering compositions, kam» can be appreciable. 
Conjunctively, the «7 — «ez minima observed at x = 0-5 and 1-9 coincide closely with 
compositions in which, based on preferential substitution, Se = Te in Te? and in Te! atom 
sites, respectively. 

CONCLUSIONS 


Eleven undoped BigTe—z)Sez compositions over the range 0 < x < 3 were prepared 
and measured. A smooth electrical conductivity curve was obtained, with high values at the 
system terminals and a minimum value at BigTe2Se. At this composition, a near-maximum 
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energy gap was reported [1] and Seebeck coefficient crossed zero. The p-to-n transition 
and reversal of property trends at BigTe2Se coincide with the position of total occupation of 
Te? atom sites by selenium, previously proposed [10]. A double-minima «7 — xe curve 
was obtained, which minima coincide closely with compositions for which maximum lattice 
distortion may be expected through preferential occupation of Te? sites by selenium. 


A4cknowledgements—The authors wish to express their appreciation to Mr. O. De Schaaf for his experi- 
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THE FORMATION OF TERNARY SEMICONDUCTING ALLOYS* 


ARTHUR J. ROSENBERG* 


ABSTRACT 


To DATE the synthesis of ternary semiconducting materials has been limited generally to 
alloys of isomorphous, isovalent compounds, e.g., PbTe—-PbSe, BizTe3—Sb2Te3, InAs—InP, and 
to the replacement of the cation of a binary compound by a combination of cations with 
the same net valence, e.g. CdSnAsz from InAs, AglnTe2 from CdTe. These materials may 
all be regarded as electronically neutral derivatives of the parent binary compounds. It is not 
generally recognized, however, that there are three other mechanisms by which ternary or 
higher-component semiconducting materials may be synthesized. Thus, four classes of 


semiconducting alloys may be distinguished: 


I. Alloys of isomorphous, isovalent compounds. 

Il. Alloys of anisomorphous, isovalent compounds. 
Ill. Alloys of isomorphous, anisovalent compounds. 
IV. Alloys of anisomorphous, anisovalent compounds 


Examples of Class I alloys are given above. Examples of Class Il alloys should be ob- 
tained in such systems as BigTes—As2Tes3, HgSe-CdSe, PbTe-GeTe, and Sbe2Te3—SbeSes3;: 
in each case partial solubility should occur although the crystal structures of the individual 
compounds differ. Examples of Class IIL would be CdTe-InSb pseudobinary alloys where 
the structures are identical but the valences of both the cations and the anions differ, and 
InAs—CdSnAsg, where the anion sub-lattices are identical but the structures and valences of 
the cations differ. 

Examples of Class IV alloys are solid solutions of the composition, (PbTe)o.9 (CdTe)o.1, 
(PbTe)o.93 (InTe)o.07, and (BioTe3)o.75 (IneTe3)o.25, in which both the cation valences and the 
structure of the individual compounds differ. Single crystals of these compositions have been 
prepared with the structure type characteristic of pure PbTe and BizTes, in which the thermo- 
electric properties differ markedly from those of the pure binary compounds, but the free 
charge carrier concentrations are virtually unchanged. These surprising results are due 
evidently to the promotion of the s-orbital in the valence shell of the impurity atom, under 
the combined influence of the octahedral crystal field and contraction of the lattice, to a 
level in the conduction band. It is believed that this phenomenon is of general occurrence 
in octahedrally coordinated semiconductors. It suggests that the cation-to-anion ratio in 
compounds such as BigTeg, may be substantially reduced with electronic compensation being 
achieved by the promotion of some of the remaining cations to a pentavalent state. 


* A complete discussion of this work will be published in an early issue of this journal. 
+ Materials Research Laboratory, Tyco Incorporated, Waltham, Massachusetts. 
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THERMOELECTRIC PROPERTIES OF AG,TE AND AG,SE 
P. F. TAYLOR* and C. Woop* 


INTRODUCTION 


ly HAS been shown by Goldsmid [1] that the optimised thermoelectric figure of merit, Z, 
IS proportional to 
m*3/2 


Kph 


where m* — carrier effective mass ratio; « — carrier mobility; and «», — lattice component 
of the thermal conductivity. 

This expression assists us in the search for improved thermoelectric materials, in that 
it is expressed in terms of basic material parameters. Goldsmid [1] further showed that 
w/« generally increases in compounds made from the heavier elements. This, together with 
the earlier work of Faust and Ridgley [2] and Appel [3] on AgeTe, led us to investigate 
in more detail the thermoelectric properties of silver telluride and selenide. 


MATERIAL PREPARATION AND MEASUREMENT TECHNIQUES 


The preparation of the materials, and the measurement of Hall effect, Seebeck coeffi- 


cient, electrical and thermal conductivities, were carried out using techniques described 
elsewhere [4, 5]. 
RESULTS 

All measurements were made on polycrystalline material. The low-temperature phases 
of AgeTe and Ag2Se are of orthorhombic structure. In the range 100°C to 130°C both 
undergo phase changes to the cubic form. These changes in phase introduce difficulties in 
the growth of single crystals; crystals larger than a few mm were not obtained. However, 
due to the small energy gap, the electrical properties are not greatly affected by crystal 
size. 

In the temperature range 55°K to 300°K both AgeTe and AgeSe are n-type. By intro- 
ducing excess tellurium Agz2Te could be made p-type at low temperatures. On increasing 
the tellurium content to about 3 atomic per cent excess, the compound becomes p-type 
over the entire temperature range studied [6], but the structure changes to the hexagonal 
form of Ag2-z)Te. Attempts to make p-type AgeSe by stochiometric deviations and im- 
purity doping (arsenic, antimony or silicon) were not successful. Small quantities of Ag! 
of the order of 10!9 atoms/cm? increased the concentration of donor impurities in AgeTe. 
Hence it appeared early in this study that for room temperature applications both Ag2Te 
and AgeSe would be useful only as n-type thermoelectric materials. 

The thermoelectric figure of merit at room temperature was calculated for a range of 
electrical conductivities and the results for Ag2Te are shown in Fig. 1. The highest observed 


* Research Division, Philco Corporation, Philadelphia, Pennsylvania. 
+ Now at Kearfott Division, General Precision, Inc., Clifton, New Jersey. 
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value for AgeTe was 1-3 x corresponding to a Seebeck coefficient of — 129 
uV/°C, electrical resistivity of 1-0 ohm-cm and thermal conductivity of 1-25 

10-2 Wem! °C-1. The work on AgeSe was less extensive, such that curves corresponding 
to those shown in Fig. | could not be drawn. However, the highest figure of merit observed 
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Fic. 1. Thermoelectric properties of AgeTe. 


in AgeSe was 2:3 x corresponding to a Seebeck coefficient of —148 »V/°C, 
electrical resistivity of 0-73 x 10-3 ohm-cm and thermal conductivity of 1-31 «x 10-2 
W-cm-! °C-1, 
The values observed for the Seebeck coefficient at the maximum figure of merit did not 
correspond to the anticipated values given by 
(1) 


aopt 
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as derived by Joffe [7], where aop,¢ = optimized Seebeck coefficient; «.: = electronic con- 
tribution to the thermal conductivity; «p, = lattice contribution to the thermal con- 
ductivity: and 

Boltzmann constant 


86 wV/°C. 
e electronic charge 


rhis expression assumes the presence of free charge carriers of one sign only. Hall-effect 
measurements as a function of temperature (see Figs. 2 and 3) show that both AgeTe and 
\goSe have extremely small forbidden energy gaps, and high electron mobilities ~10,000 
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Fic. 2. Hall constants in AgeTe. 


and 2000 cm2/V-sec, respectively, at room temperature. The exact values of the energy gaps 
are difficult to determine due to the compounds’ being degenerate over the whole tempera- 
ture range [4], but appear to be of the order of 0-05 eV at absolute zero. In the case of AgeTe 
the carrier mobility ratio appears to be sufficiently low such that the contribution of holes 
to the Seebeck coefficient cannot be neglected. However, the situation appears to be different 
in AgeSe. The Hall effect curves for the two specimens of AgeSe, shown in Fig. 3, were 
replotted assuming that the mobility ratio was large. In such a case the Hall constant (R) 
is given by 

c nb? p Q) 
e(nb +p)? e(m + Na) 


100; = 
| 
51 4 /s | 
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Where c= scattering constant (assumed 1); mj = intrinsic carrier concentration; 
\, = donor impurity concentration, obtained from the extrinsic Hall constant. 
On plotting 
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the curves for the two specimens coincided, supporting the assumption of a large mobility 
ratio.* Although in fact higher values for the Seebeck coefficient were obtained in AgeSe 
than in AgeTe, they were still lower than the thermoelectric optimum given by equation (1). 
This is due to a high degree of degeneracy in AgeSe. Calculations of the effective mass 


* The slope of this plot gave a value for the forbidden energy gap of 0-05 eV. From the slope of log 
R vs. 1/T a value of 0-075 eV was obtained, in agreement with the results of Busch and Junod [8], however, 
this calculation ignores the temperature variation of the density of states term in the expression for conduc- 
tivity. 
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(m,/mo) and Fermi level, €, from the room temperature values of Hall constant and Seebeck 
coefficient, assuming 6 to be very large and lattice scattering to be predominant, support 
this viewpoint. The values obtained were m./mo = 0-1 and € = 3 AT above the conduction 
band edge. 

The relationship between the thermal and electrical conductivity for AgeTe appeared 
to be linear giving a Lorentz number of 3-12 (k/e)? (close to the theoretical value of 
m”/3(k/e)? for a degenerate semiconductor) and a lattice thermal conductivity of 0-72 
x 10-2 Wem! °C-!. The lattice thermal conductivity in AgeSe appeared to be of the same 
order as AgeTe and consequently it appeared worthwhile to investigate solid solutions of 
AgeTe and AgeSe. 

A study of these solid solutions indicated a minimum lattice thermal conductivity of 
about 0-5 x 10°? Wem! °C! for the compositions 40 mol per cent Ag2Te, 60 mol per 
cent AgeSe, assuming non-degeneracy. However, the ratio s./«p, deteriorated in these solid 
solutions and consequently no enchancement in the figure of merit was obtained. 


CONCLUSIONS 


AgeTe and AgeSe do not appear to be competitive with the bismuth—antimony 
tellurium-selenium, system for room-temperature cooling applications. At low tempera- 
tures, in the extrinsic conductivity range where carriers of one sign only would contribute 
to the Seebeck coefficient, and where the mobility will be increased, higher figures of merit 
may be realized. Seebeck coefficients as high as —160 »V/°C, and electron mobilities as 
high as 20,000 cm?/V sec, have been obtained [4] at 77°K. 
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THE SYNTHESIS, STRUCTURE AND THERMOELECTRIC 
PROPERTIES OF SOME I-IV COMPOUNDS* 


VIRGINIA A. RUSSELL? and PHILIPP H. KLEINT 


ABSTRACT 


COMPOUNDS of alkaline-earth metals with silicon, tin, and lead have been prepared and their 
crystal structure and thermoelectric properties determined. Because of the reactivity of the 
alkaline-earth metals and their high vapor pressures at the temperatures required for syn- 
thesis, special handling techniques were evolved. X-ray data showed slight deviations from 
a cubic structure, in most cases, in agreement with the sparsely published structural in- 
formation. The figure of merit (at room temperature) of CagPb (with | mol per cent added 
Ca) was 0-68 x 10°3(°K)-!, more than an order of magnitude greater than that of un- 
doped or lead-rich material. Preliminary measurements on CagSn, Ba2Pb, BagSn, SreSn, 
and Sr2Si indicate room temperature figures of merit for these materials in the range 
to 10-4 


* A more complete discussion of this work will be published at a later date. 

This work was supported by the U.S. Navy, Bureau of Ships, under contract NObs-78403. 
+ Electronics Laboratory, General Electric Company, Syracuse, New York. 

t Present address : Sperry Rand Research Center, North Road, Sudbury, Massachusetts. 
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THERMOELECTRIC PROPERTIES OF SOME 
CHALCOPYRITE-TYPE COMPOUNDS* 


R. BoBone, L. F. KENDALL and R. H. VouGHT?* 


ABSTRACT 


WorK on some I III Vl2 compounds having the chalcopyrite structure will be discussed. 
AgGaSe, CuGaSe, AgGaSee2, CuGaSe2, AgGaTe2 and CuGaTez were prepared and values 
of Seebeck coefficient, electrical resistivity, and thermal conductivity were measured. 
CuGaTez showed the most promising thermoelectric properties with room temperature 
values of S = 128 pV/°C, p= 4-1 10-3 Q-cm, « = 0-022 W/cm °C. 

Studies of the effects of environment and heat treatment and of the resulting thermo- 
electric properties at high temperature have been made. Results of these studies will be 
presented. 


* This work was sponsored by the U.S. Army Transportation Research Command, Ft. Eustis, Virginia. 
+ General Electric Company, Schenectady, New York. 
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SEMICONDUCTOR MATERIALS FOR THERMOELECTRIC 
POWER GENERATION* 


F. D. Rost, E. F. HOCKINGs and N. E. LINDENBLAD* 


ABSTRACT 


A GENERAL consideration of the thermoelectric properties of semiconductors suggests that 
(1) this class of materials can be useful in power generating thermocouples operating at 
least up to 700°C, and (2) construction of thermocouple branches in a sandwich-type 
arrangement, or by graded alloying, will be necessary to achieve high figures of merit over 
a wide temperature range and, hence, high power-generating efficiencies. A large number 
of ternary compound semiconductors having the cubic structure were synthesized ; and those, 
such as AgSbTee, with the rock-salt structure are characterized by low lattice thermal 
conductivities (<0-0075 W cm-! deg '). The lattice thermal conductivity as a function 
of composition was examined in the alloy systems of AgSbTe2 with PbTe, SnTe and GeTe. 
The minimum in the lattice thermal conductivity for the AgSbTe2—PbTe system gives an 
effective “‘mean free path’ for phonons which is less than unit-cell dimensions. Measure- 
ments of the temperature dependence of thermoelectric properties on a number of solid 
solution alloy systems showed that (1) solid solution alloys of BigTeg with BizSes, SbeTes 
and Sb2Se3 provided the best p- and n-type material for thermocouple operation in the 
temperature range 25°C—250°C, (2) the ternary compound, AgSbTeg and its alloys with 
GeTe provided the best p-type material for the range, 250°C-—550°C, and (3) alloys in the 
PbTe-SnTe system provided the best n-type material for the range, 250°-550°C. Power 
generating thermocouples, constructed in the sandwich-type arrangement of materials, 
provided an efficiency of 10-12 per cent on operating over the temperature range, 20°C- 
550°C; i.e.. a Ty-Tce = 530°C. Continuous thermocouple operation for 300 hr resulted 
in no significant deterioration of material properties. 


* The complete text of this paper appeared in RCA Rev. 22, March, 1961. The abstract is reproduced 
here by permission of RCA Review, RCA Laboratories, Princeton, New Jersey. 
+ RCA Laboratories, Princeton, N.J. 
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A STUDY OF SUBSTITUTED MNTeE* 


A. J. PANSONT 


ABSTRACT 


MNTE HAS been doped with Li or Na according to the following reaction: 


LisTe (1 — x) MnTe + Te 


Powder metallurgy techniques were employed. The LigTe or Na2Te used was prepared by 
reacting Te with the alkali metal dissolved in liquid ammonia. 

The solubility limits of the dopants were determined by plotting the Seebeck coefficients 
as a function of log of the dopant concentration. The solubility limit of Li was found 
to be x = 0-06. 

Electrical properties of these materials have been studied as a function of temperature 
up to 1025°C. 

Compounds were also made with Se substituted for Te according to the following 
formulas: 

Nar Tea—ySey 


Lie Mny nlea 


Their electrical properties have been determined. 


* Sponsored by U.S. Navy, Bureau of Ships. 
+ Westinghouse Research Laboratory, Pittsburgh, Pennsylvania. 
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RARE EARTH SULFIDES AS HIGH-TEMPERATURE 
THERMOELECTRIC MATERIALS* 


S. W. KuRNICK, M. F. MERRIAM and R. L. FITZPATRICK* 


Summary—tThe rare earth sulfides appear promising for use as high-temperature power conversion 
thermoelectric materials because of low lattice thermal conductivity and good chemical stability above 
1000°C. We are making an intensive study of cerium sulfide, and to a lesser extent lanthanum sulfide and 
thorium sulfide, in the stoichiometric range in which these compounds are semiconducting. Soime measure- 
ments have been made on barium sulfide-cerium sulfide solid solutions. 

Electrical, optical, thermoelectric, and magnetic measurements have been made on crack-free cast 
samples of centimeter dimensions prepared by vacuum melting in molybdenum crucibles. Doping of the 
semiconductor by molybdenum is not believed to be serious, in view of the low Mo concentrations (~ 100 
ppm or less) indicated by chemical analysis and of the high carrier concentrations measured. Measurements 
of the thermoelectric parameters have been made at elevated temperatures using small area contact tech- 
niques as well as more conventional methods. Values of zT = 0-3 have been measured in cerium sulfide, 
without doping. Carrier concentration and Hall mobility have been measured by a simple and sensitive 
a.c. method. Mobilities measured to date in cerum sulfide are low (~ 1 cm?/V-sec) and carrier concentra- 
tions are high (up to 10°*/cm*) depending on the stoichiometry. Conduction mechanisms consistent with 
the data at hand are discussed. 


INTRODUCTION 


[HE SELECTION of high-temperature semiconductor materials which can provide optimum 
thermal conversion efficiencies is a problem which must rely a great deal for its solution on 
experimental methods modified by some empirical rules. The selection of the semiconducting 
compound Ce-Sf as such a thermoelectric candidate may best be understood from the work 
of previous investigators [1-7]. The two most important features of the compound as far 
as thermoelectric conversion is concerned are its high-temperature stability and low lattice 
thermal conductivity, which may be inferred from empirical relations [8]. The semiconductor 
is an electrical insulator at the Ce2S3 end of the composition range (o = 3 x 10-9 mho/cm), 
but its conductivity increases with increasing cerium content, the CesS4 composition being 
semi-metallic (o = 3 « 108 mho/cm). This is a remarkably large range in conductivity for 
a single phase. 

For a better understanding of the electrical and thermal transport mechanisms involved 
in this semiconductor, we have stressed three aspects in the intensive study of Ce-S: 


|. The utilization of new techniques in thermoelectric measurements at high tempera- 
tures (800—1800°K): 


a. Measurements of the semiconductor efficiency parameter zT and the Seebeck 
potential a by a small area technique [9] to avoid radiation corrections. 

b. Measurements of the Hall effect to achieve better insight into the mechanism 
of conductivity and into the relative importance of mobilities and carrier con- 
centration at different stoichiometries. 

2. Metallurgical preparation of material by melting. This avoids certain disadvantages 


* Research conducted under Navy contract NObs-77144. 

t John Jay Hopkins Laboratory for Pure and Applied Science, General Atomic Division of General 
Dynamics Corporation, San Diego, California. 

t The designation Ce-S is used to indicate the single phase of CeS1.33-1.50 which has the ThgP4 structure. 
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inherent in sintered materials, such as atmospheric deterioration at room tempera- 
ture. In addition, low-temperature heat treatments are characterized by mixed 
phases which are avoided by quenching from the melt [7]. 

Accumulation of data leading to an ultimate performance study of related semi- 
conductors so as to apply the progress achieved on Ce-S to the problem of selecting 
materials from other rare earth sulfides (pure and doped) to obtain ultimate per- 
formance in temperature regions for which Ce-S alone is unsuitable. 


Results to date indicate that qualitatively different transport mechanisms are dominant 
in different composition ranges. This work is not complete, but measurements to date 
already show promise, with directly measured zT values as high as 0-33. Values of zT syn- 
thesized from a2o measurements and assumed values of « have been as large as 0-7. This 
places Ce-S in the role of a leading high-temperature thermoelectric candidate. 


PREPARATION OF SAMPLES 


All measurements have been made on cast material having 100 per cent of theoretical 
density. Porous Ce2S3, obtained by HeS reduction of CeOz in the presence of carbon, is 
melted in vacuum in a molybdenum container at a temperature in the neighborhood of 
2000°C. Some loss of sulfur occurs during this process and the cast material has a compo- 
sition intermediate between CeoSs3 and CesS4. Melting in graphite containers was found to 
be unsatisfactory; the cerium sulfide reacted with the graphite used. Tantalum is also 
attacked. With molybdenum, on the other hand, the casting usually separates cleanly the 
container after both have been cooled to room temperature. The appearance of the con- 
tainer wall indicates only slight attack, and chemical analysis indicates fairly low Mo con- 
centrations (usually 100 p.p.m. or less) in the semiconductor. Melting is carried out in either 
an induction furnace (in which case a graphite susceptor is used to transfer power from the 
induction coil to the Mo boat) or in a resistance furnace (in which case the Mo crucible 
is suspended in the center of the helical graphite resistance element). After melting, the 
charge is cooled to room temperature over periods of 1-12 hr. 

From the resulting cast material, slabs several centimeters in dimension are obtained 
free of cracks, as determined both visually and by electrical probing. It has proved possible 
to polish these slabs into blanks for optical measurements and to cut out samples for 
other physical measurements, using standard semiconductor techniques. The cast slabs and 
the samples cut from them are stable in air at room temperature. No changes in properties 
of either the surface or the bulk have been observed over periods of months. (An insulating 
layer, presumably an oxide, does, however, form on the surfaces of samples heated in air 
at 300°C for a few minutes.) 

The complex X-ray patterns characteristic of oxysulfides [4, 6] are not observed in melted 
material. The lower temperature phases of cerium sulfide [2, 5] are likewise absent, the 
pattern showing only the characteristic lines of the ThgP4 structure. 


MEASUREMENTS 


Electrical conductivity and Hall effect measurements at room temperature are per- 
formed by a.c. methods at 570 c/s. Conductivity is measured with the standard four-wire 
technique, the output from the potential probes being fed directly to a Hewlett-Packard 
wave analyzer (as a narrow band amplifier). The equipment for the Hall measurement, 
which is described more completely elsewhere [10], includes an impedance-matching trans- 
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former and a preamplifier between the sample and the wave analyzer. Signals can be de- 
tected down to noise levels of the order of 10-1 V. Low impedance leads and contacts are 
necessary. “Noiseless” magnetic fields of up to 5000 gauss are provided by permanent 
magnets. 

Simultaneous measurements of electrical conductivity and Seebeck coefficient at tem- 
peratures from room temperature to 1600°C are obtained with the apparatus shown in 
Fig. 1. The temperature gradient existing in the furnace is used to generate the Seebeck 
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Fic. 1. Seebeck potential and conductivity fixture for small samples. 


potential. Temperature-position profiles in an empty furnace indicate the actual temperature 
distribution in the sample is probably not far from the constant gradient assumed. The 
electrical conductivity is measured by a four-wire a.c. method similar to that used at room 
temperature. 

The direct measurement of z7 at various temperatures is accomplished with the small- 
area device developed by Cutler [9]. This device has the advantage that the thermoelectric 
performance parameter, zT = (a2ox~!) T, is measured directly. Combination of measure- 
ments obtained on different samples is thereby avoided. It is possible to make measure- 
ments on small samples, or on samples with flaws. Another advantage of the method comes 
from the fact that, if the small-area contact is small enough, the measurements are in- 
sensitive to radiative heat transfer. The device is thus well suited to high-temperature 
measurements. 

A direct current applied between the center wire and the outer can [9] causes the tem- 
perature of the center of the sample to rise above that of the more distant part, because 
both the Peltier heating and the Joule heating are more intense near the center. After a 
steady state has been established, the current is suddenly switched off. Since a temperature 
gradient exists between the center wire and the outer can, a transient thermoelectric voltage 
will appear between these two conductors, decaying to zero as the semiconductor comes to 
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thermal equilibrium. By measuring 5V, the initial magnitude of the thermoelectric transient, 
and comparing with V, the voltage initially applied, the value of zT can be deduced, accord- 
ing to the equation 

OV 


where y 


zT 


In fact, by plotting 6V/V vs. V one can, in favorable cases, obtain both z7 (from the inter- 
cept) and a (from the slope). This is illustrated in Fig. 2. Since the small-area device, as 
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Fic. 2. Data from the small-area contact technique. z7 is obtained from the intercept 
and « from the slope of the straight line. 


applied in this laboratory, also includes potentiometric leads, the electrical conductivity 
is obtained concurrently with the z7 and a measurement. The thermal conductivity can thus 
be obtained at high temperatures (up to 1600°C). 


RESULTS AND DISCUSSION 


[he measurements to date are generally consistent with existing descriptions of the 
nature of cerium sulfide. There are, however, differences in detail. Physical understanding 
is still possible only in broad terms, though some progress has been made toward narrowing 
the range of possible models. 

The Hall effect in compound semiconductors similar to cerium sulfide is usually small, 
and few measurements to date have been reported on this type of material. Consequently, 
theoretical interpretation has also lagged. It seems fairly certain, however, that a measured 
Hall voltage can be interpreted in terms of carrier mobility and carrier concentration. We 
have converted Hall voltages and conductivities to mobilities and carrier concentrations 
in the usual manner, ignoring any complications arising from large carrier concentrations 
and the possible presence of hopping processes. Room temperature Hall effect measure- 
ments are summarized in Table 1. They show high carrier concentrations, of the order of 


| ' | 
3 
| 
| 
| 
+ | 
-4 -3 -2 2 4 


Rare Earth Sulfides as High-temperature Thermoelectric Materials 161 


10?!-10"* cm~8, and low mobilities, of the order of 0-1-1 cm?/V-sec. Although there is 
some scatter in the data, it appears that high conductivity is achieved both through higher 
carrier concentrations and through increased mobilities. All the material manufactured 
to date has been n-type. 

The room-temperature electrical conductivity of samples prepared by melting has 
varied from a few mho/cm to a few thousand mho/cm. Because sulfur is lost in the high- 


TABLE |. HALL MEASUREMENTS 


Hall coefficient n 
(mho-cm (cm? C !) (carriers/cm*) (cm?/V-sec) 
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for undoped Ce-S sample. 


100 1-710 3 3 
210 0-85 «10 3 7 
900 0:73 x 10-3 8 
960 1-5« 103 4 
1270 1-1 «103 6 
2200 1-65 104 3 
2700 4:2x104 
250 ; 250 
ise 
61 
200 - ~ 200 
100 100 
6 


162 S. W. Kurnick, M. F. MeRRIAM and R. L. FirzpATRICK 


temperature processing our samples receive, we would not expect to obtain very highly 
insulating material. (The only insulating samples with which we have worked so far were 
prepared by heat treating blanks in either sulfur or a hydrogen sulfide atmosphere.) 

Our room temperature data are thus consistent with the usual interpretation of the 
conductivity transition from insulating Ce2Ss to high-conducting CegS4. In CeeS3 the 
cerium ions are trivalent (Ce***). If to m “molecules” of Ce2S3 are added n “molecules” 
of CeS, in which cerium is divalent (Ce**), resulting in Ce;2+7)Sig+2) where x = (n/m), there 
are x electrons per “molecule” which are less strongly bound than the valence electrons. 
These extra electrons provide electrical conductivity, and, as x approaches unity, result in 
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Fic. 4. Seebeck coefficient and conductivity as functions of temperature 
for highly-doped sample (Ce,BaS,,.). 


the metallic bonding characteristic of CegS4. The question of whether these “extra” electrons 
are essentially free, or whether they form part of a more complex mobile entity, e.g., as 
polaron [11] is best left open at this time. It seems in any case likely that the applicability 
of any particular model will depend upon the value of x. 

One might suppose that the high carrier concentrations and low mobilities found in the 
“metallic” CesS, would render the transport properties in that material insensitive to 
doping. Such apparently is not the case. For exampie, when a sample of material having 
a conductivity of 1000 mho/cm was remelted in a general-purpose (and thus contaminated) 
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vacuum system and held above the melting point for several hours in an attempt to drive 
off any remaining sulfur, the room-temperature conductivity, instead of increasing, de- 
creased to a value between | and 50 mho/cm, depending upon location in the ingot. Experi- 
ence to date (perhaps half a dozen experiments) indicates that high-conductivity material is 
more sensitive to doping than is low-conductivity material. This is not, however, con- 
clusively established. We note also that the data of Table | show less than perfect cor- 
relation between conductivity and the Hall effect. Correlation between bulk density (an 
index of stoichiometry [4]) and electrical conductivity is likewise not exact. 

The behavior of a and o as functions of temperature in a highly conducting sample is 
shown in Fig. 3. It is at once apparent that CegSq is no ordinary metal. Both the magnitude 
and the temperature dependence of the Seebeck coefficient are more characteristic of a 
refractory ceramic insulator than of a metal. 

The data of Fig. 3 yield z7 = 0-7 at 1500°K if a rather conservative value of 0-01 
W/cm- C is assumed for the thermal conductivity. This is a higher z7 than has been reported 
to date for a material operating at this temperature. A rough measurement of zT with the 
small area technique on a less conducting material indicated, however, a maximum value 
of zT — 0-3. We believe that this illustrates the danger of drawing conclusions from a2o 
data alone, particularly at high temperatures. 

The effect of doping Ce—-S with BaS has also been investigated. This study is not com- 
pleted, but it appears that one effect of the BaS is to increase the rise in the Seebeck potential 
with the increase in temperature. Such an effect may lower the temperature at which maxi- 
mum efficiency is attained. Data on a representative sample appear in Fig. 4. 
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CONSIDERATIONS CONCERNING THERMOELECTRIC 
MATERIALS HAVING THE 
THORIUM PHOSPHIDE STRUCTURE* 


F. L. CARTERT, R. C. MILLERt and F. M. RyANt 


Summary—The ThsPs structure has been reviewed and its relationship to the electrical properties of cerium 
sulfide has been discussed. Diluent doping is defined and its application to cerium sulfide (Th3P4 structure) 
is described. 

INTRODUCTION 


THE DIFFICULTIES in understanding as well as in discovering the high temperature thermo- 
electric properties of compounds having the thorium phosphide structure are now beginning 
to be appreciated by workers in the field. This is largely through efforts related to cerium 
sesquisulfide, although some other related rare earth compounds have received limited 
attention. We will consider four aspects of the general problem: 


1. The thorium phosphide structure itself and the unusual adaptation of cerium sesqui- 
sulfide to this structure. 
The concept of “diluent doping’, a type of doping useful in enhancing electron 
mobility, and how it is related to the structure. 
Some of the problems we met in the experimental determination of the thermo- 
electric properties along with the reliable high temperature results. 
Finally, some considerations required in developing an adequate understanding of 
the electrical properties. 


The high temperature phase (ThgP, structure) of cerium sesquisulfide has a wide compo- 
sition range varying from x = 1-5 in the designation CeS; to x = 1-33. The former material, 
i.e., the sesquisulfide, is an insulator and has 1/9 of the metal sites vacant while for x = 1-33 
the phase has high conductivity (specific resistance is about 5 x 10-4 ohm cm) and cor- 
responds to the structure in which all the metal sites are occupied [1, 2]. 


THE THORIUM PHOSPHIDE STRUCTURE 


The ThgP, structure is characteristic of several sulfides of the lanthanides and actinides 
and appears to be unique to those metals that have 4f or 5f orbitals available for bond 
formation. The structure is body-centered cubic with both kinds of atoms in special posi- 
tions. 

For the purposes of visualization the structure is best discussed first considering the 
metalloid atoms alone. These form strings of two kinds of tetrahedrons in the (100) direc- 
tion. Both kinds of tetrahedrons have a single 4 axis of symmetry and possess two equal 
short edges and four longer edges. The larger of the tetrahedrons will be designated type a 
and the other type 5. In the tetrahedron string these two types alternate and share short 


* This work was done in connection with U.S. Navy Buships. Contract No. NOBS-78365, W. G. O. 
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Fic. |. Anion strings of tetrahedrons in the ThsP4 structure. 


edges which are perpendicular to the (100) direction or 4 axis as shown in Fig. |. Similar 
strings of anion tetrahedrons are found parallel to the other cell edges (i.e., in the other 4 
directions). The three mutually perpendicular sets of strings are joined together into a 
three-dimensional anion array by sharing tetrahedron corners (Fig. 1(b) and I(c)). Each 
anion is then shared in three different tetrahedron strings and accordingly is common to 
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three different a tetrahedrons as well as three ) tetrahedrons. This method of viewing the 
ThgP, structure is of considerable pedagogical aid but is not necessarily useful in discussing 
electrical properties. 

In the filled structure (e.g., CegS4) the center of each of the larger tetrahedrons, i.e., 
type a, is the site of a cation. The smaller tetrahedrons are empty. The anion lies on the 
axis of a twisted trigonal prism formed by six cations. The top of the prism is rotated 


(a) (b) (c) 


Fic. 2. Anion tetrahedrons about cerium in CesSu. 
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Fic. 3. Distances in Ce2Ss3 as a function of the anion parameter, x. 


38° 13’ relative to the base. Figure 3 shows the two cation-anion distances d; and d2 as a 
function of x, where x need be considered only in the range 0 < x < 0:25. If x = 0-083 
+-0-015 (1/12) as reported by Zachariasen [2], we note that the two distances are equal. 
However, from a consideration of the anion-anion distances we see that this gives a closer 
contact than ionic radii would lead us to expect by about 0-46 A. An examination of the 
structure indicates there are three anions near the top of the prism, each contingent to 
two of the cations of the top. Each of these three anions forms a close contact with the 
anion inside the “prism” when x = 1/12. 

The cationic sites are at the centers of the type a anion tetrahedrons, as is consistent 
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with 4 symmetry. In addition to being circumscribed by this large and long anion tetra- 
hedron, it is also at the centroid of a rather flat tetrahedron. Figures 2(a) and 2(b) show these 
two tetrahedrons and Fig. 2(c) indicates their relative relationship. The angle between the 
two top edges of the tetrahedrons perpendicular to the 4 axis is not quite 90° and varies 
with the value of x. The eight anionic near-neighbors about the cationic site form the 
corners of a dodecahedron which has two kinds of triangular faces. When x = 1/12 the 
two anion-cation distances are equal and each metal will have eight equal-distant metalloid 
neighbors. While for cerium sesquisulfide this arrangement gives excellent agreement with 
the calculated ionic radii sum of 2-97 A compared with 2-98 A, it gives a structure with 
short anion-anion contacts as discussed above. As x decreases from 1/12 the type a tetra- 
hedron becomes longer and the flat tetrahedron becomes smaller and less flat. 

Each metal has eight equal-distant metal neighbors in the filled structure. These are 
distributed between a long tetrahedron and a flat tetrahedron in a manner similar to the 
eight sulfur neighbors. In the case of Ce2S3 the metal-metal distance is about 4-04 A. 

The existence of the ThgP, type structure seems to be dependent upon the ability of the 
metal to form simultaneously more than one tetrahedrally bonded structure. The availability 
of f orbitals in the lanthanides and actinides might be expected to permit this type of bond- 
ing. Other flat tetrahedral structures of the actinides are known [3]. 

If we apply formal valences in the discussion of CegS4 then we obtain a valence of +24 
for the cation, which might be considered as the average of 4 of the metal atoms with a 

+2 valence and the rest trivalent. As one approaches the composition of Ce2S3 the number 
of formally divalent atoms becomes zero. Density considerations [4] show that in Ce2S3 
1/9 of the metallic sites are vacant, or of the 12 a sites only 10% of them are filled. At this 


composition the formal valency of the cerium would be +3. It is to be expected that these 
vacancies are not randomly distributed as this would give rise to pairs or clusters of vacancies 
but that short range order would exist. A pair of adjacent vacancies forms an empty and 
unfavorable cage of thirteen sulfur atoms. The presence of an empty cage of eight anions, 
resulting from a single vacancy, might account for the slight expansion of the lattice as the 
composition approaches that of the sesquisulfide, Ce2Ss3. 


DILUENT DOPING 


Diluent doping is an attempt to lower the resistance of thermoelectric materials without 
changing the number of charge carriers. If the number of charge carriers remains constant 
large changes in the Seebeck coefficient are not expected. A restriction of this type of 
mobility doping is that it can only be applied to materials having vacancies as in CeS,;, 
1-5 > x > 1-33 (ThgP, structure). 

Earlier workers [5] in the field have shown that just as one can make Ce3S, 


CeoS3 CeS CesS4 (1) 
one can make CeoSrS, 


CeoS3 + SrS —- CeeSrS, (2) 


where the compound CeeSrSq has the ThgP, structure. In this compound there are no 
vacant metal sites and cerium atoms are essentially diluted such that their concentration is 
} the value in Ce2Ss. There is no change in the formal valence of cerium in this process. 
Although the ratio Ce*?/Ce*® is unchanged, the carrier concentration, which is equal to the 
number of formal Ce*? per unit volume, is somewhat diluted as noted above. Therefore, 
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this method may be termed “diluent doping” in contradistinction to the usual term “‘dop- 
ing’. 

The maximum amount, y,,,,, of diluent dopant which may be added is dependent upon 
the composition and the doping material. For chalcogenides of divalent metals equation (4) 
gives the relationship between x and y,,,, 


CeS,z T Vmax MS CeMy, x (3) 


max 


43 
or 


where 


and is derived on the basis of a filled structure. For monovalent materials equation (6) 
applies. Of course such things as solubilities and phase changes may be the limiting factors. 


CeSz + Vmax AgeSe CeAgsy (5) 


(6) 


where 
1-333 


Doping with a sesquisulfide (e.g., AlgS3) would increase the number of trivalent metal 
ions as well as increase the number of vacant sites. It is also possible that sulfides of some 
monovalent or divalent metals might be unsuitable for use as a diluent dopant if they 
changed their formal valence when placed in the host lattice. The added material could 
no longer be called a diluent dopant because the carrier concentration would have under- 
gone a significant change. 

The composition CeS;.49 can be considered as a case where half a mole of CeS has 
been homogenized with a mole of Ce2S3 leaving a somewhat smaller number of vacancies 
than in CeS.50 (see Table 1, | and 4). To this composition, CeS;.40, either a divalent or 
monovalent sulfide can be added as a diluent doping agent to fill the vacant cation sites. 
The maximum amount that can be added is shown in both cases at the bottom of Table 1, 
entries 5 and 6. The important thing to note is that in the last three cases, numbers 4, 5, 
and 6, the average cerium charge is unchanged, and as a consequence the electron con- 
centration remains unchanged except for the slight dilution noted earlier. 


TABLE |. EXAMPLES OF DILUENT DOPING 


Average part Part Part M+ | Ratio 


t 
Cets M+Ce M+Ce (Cet?/Ce*t3 


8) 
2/ 
. CeS1-5(SrS)o-s + 2/ 
6 


. CeS1-40 / 


2 
+2: 20/ 


Yenax = 3x — 4 
1-S > x > 
= — 4) 
charge 
1 9 0 1/9 0 0 0 
2 3 1/3 0 0 0 1/2 
3 3 0 0 1/3 0 0 
4 21 4/21 1/21 0 0 1/4 
5 3 1/6 0 1/6 0 1/4 
6 27 5/27 0 0 2/27 | 1/4 
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In order to see the effect of diluent doping on electron mobility consider the following 
simple argument. In CegS4 where the average formal cerium charge is +24, approximately 
the same charge of — 23 is attracted toward that metallic site from the neighboring sulfur 
atoms. If then a cerium ion is removed, the geometry of the lattice restrains much of the 
negative charge to the same locale. A moving electron will see at this vacancy not the 
charge of 2? but rather something amounting to almost —2% and hence will probably be 
scattered at the vacancy site. Now if this vacancy is filled with, say, Sr** then much of the 
potential barrier is smoothed out and the electron mobility is increased. 

In addition to any chemical effects, such as increased stability and decreased self-diffusion 
rates, which might accrue to a filled-lattice compound, the dominant advantage of diluent 
doping is probably its effect on electron mobility. 

TABLE 2. EFFECT OF DILUENT DOPING ON ELECTRICAL 
PROPERTIES OF CeS;.42 AT 50°C 


p(ohm-cm) 
(«10 4) 


Composition a(uVv/°C) 


CeS:-42 24:5 34 
CeS}. 1(SrS)o-09 36 
CeS;-42(SrS)o-is 60 


Table 2 gives an example of the effectiveness of strontium sulfide as a diluent dopant 
for cerium sulfide (x — 1-42) at 50°C. The pellets were prepared, pressed, and sintered 
in argon at approximately 1425°C for 15 min.* Our data to date may be summarized as 
follows: 

1. Most of the resistance decrease observed at room temperature occurs when the 

amount of dopant added corresponds to about 4y,,,.- 

Diluent doping is most effective when the number of vacancies is large, that is 
when x is near to 1-50. 

At high temperatures the advantages of diluent doping appear to be greatly de- 
creased and may be reversed by increases in thermal conductivity. This is suggested 
by Fig. 4 where the samples were chosen from those whose relevant properties were 
known and where an attempt was made to match the Seebeck coefficients. 


SOME EXPERIMENTAL PROBLEMS IN 
HIGH TEMPERATURE MEASUREMENTS 
Sintered samples were measured in a dry hydrogen atmosphere at high temperatures 

(up to 1400°K) in an apparatus constructed of molybdenum (for non-reactive contact with 
the sample), stainless steel (for thermocouple protection and cylinder walls) and boron 
nitride (as an electrical insulating material). Early results had the general appearance of 
Fig. 5 which shows a maximum in Z near 1000°K and a rapid deterioration in electrical pro- 
perties with higher temperatures. During the course of the measurements the sample was 
maintained at temperatures in excess of 500° for approximately six hours after the system 
had been pumped out overnight at slightly elevated temperatures. A high-resistance coating 
always developed on the exposed portion of the samples. When the heating cycle time was 
decreased somewhat better high temperature results were noted. 


* More complete experimental details will be published at a later date. 
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Thereafter the time to determine the electrical properties was decreased in order to 
minimize sample decomposition. Figure 6 demonstrates the advantage of this procedure 
where the high temperature measurements of CeS.37 were completed in less than an hour. 
After completion of the measurements, the sample was held at 1400°K for an additional 
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Fic. 4. Comparison of properties of CeSi.3s and CeS1.39(SrS)o.o7. 
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two hours. During this time the Seebeck coefficient dropped approximately 10 per cent 
and the resistivity increased somewhat. Emission spectrographic analysis of the sample 
after the run showed roughly | per cent boron on the surface and a small amount, ca. 
0-001 per cent in the interior. This boron probably came from the boron nitride which 
was used for electrical insulation. It is not certain whether the boron was transported to the 
sample as volatile B2Og which is present as an impurity and bonding agent or as some other 
gaseous compound. Nor is it certain whether it is the boron or some other contaminant, 
e.g., oxygen, which causes the observed electrical deterioration. 
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Fic. 6. Thermoelectric properties of CeSi.37. The sample remained above 
500°C for less than one hour. 


CONSIDERATIONS INVOLVING ELECTRICAL CONDUCTION 
IN CERIUM SULFIDE 
(THORIUM PHOSPHIDE STRUCTURE) 

The mode of electrical conduction in cerium sulfide is not well understood. Several of 
the possible modes will be discussed utilizing the above structure considerations in corro- 
boration with well-known chemical concepts. 

The Hall coefficient in cerium sulfide has been measured by one of the authors and 
indicates a low electron mobility (ca. 3 cm?/V sec. for CeS;.37 at room temperature). A free- 
electron picture with long mean free path does not appear applicable. 

The cerium-—cerium distance in CeS;.40 is 4-04 A. If the metallic single bond radius of 
1-646 A is used for cerium, the bond-order (7) may be estimated from equation (7) according 
to Pauling [6] to be 0-057. A single bond 


AR = —0-300 log n (7) 


would be considered to exist if nm = 1; if m < 0-05 one would say that the atoms are non- 
bonded. A value of n = 0-057 is, then, just at the borderline and probably does not indicate 
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significant bonding. If electrical conduction were by means of the metal-metal linkages 
then a decrease in metal-metal bond distance should give an exponential increase in overlap 
and a sharp fall in resistivity. However, resistivity measurements of Ce3S4 vs. pressure* 
showed only a 10 per cent linear decrease in resistance at 10,000 atm. Hence it does not 
seem that metal-metal contacts play an important role in the conduction mechanism. 

We shall now consider the possibility of electrical conduction in which the electrons are 
localized on the anion structure. If Zachariasen’s value [2] of x = 1/12 is accepted for the 
sulfur parameter we note from Fig. 3 that an unusually short sulfur-sulfur distance occurs, 
i.e., 3-22 A, as compared with 3-68 A for anionic or van der Waal’s radii. On the other hand 
a calculation of the bond order, equation (7), using a single-bond radius of 1-04 A for sulfur, 
indicates that the atoms are non-bonded. Hence the suggestion follows that considerable 
repulsive forces are operating in this close contact. An examination of the structure shows 
that these close sulfur atoms form two independent but interwoven three-dimensional 
arrays. Any pressure tending to compress the structure would work principally through 
these two non-connected sulfur anion arrays and be expended in large measure further 
compressing an already short distance. On the other hand any increase in the average 
negative charge localized on the anions would tend to expand the lattice as well as decrease 
any sulfur-sulfur bonding that did exist. Therefore, if the anion lattice were to accept 
electrons from a large part of the cations with a formal charge of --2 (this would include 
1/3 of all the cations in CegS4), one would predict a sizeable expansion in the cell edge as 
the composition approached Ces3S,. This is in contradiction to the measured contraction 
of 0-01 A. This suggests that the conduction electron is not localized on the anionic 
structure. 

Final considerations are concerned with the possible nature of a trapping mechanism, 
if indeed one exists. The general theories of polaron motion [7] might be expected to apply 
even though the trapping mechanism we suggest is covalent rather than wholly polar. 
Whether the motion of the suggested trap would be associated with an energy of activation 
or a tunnelling process is not subject to discussion on the basis of existing data. A covalent 
picture suggests that the sulfur parameter as reported by Zachariasen [2] for cerium sesqui- 
sulfide (x ~ 0-083 + 0-015) is one or two hundredths too large but possibly still within 
his limit of error. 

When x = 1/12 (or 0-083) the sulfur atom is centrally located in a twisted trigonal 
prism of cerium cations. The cerium-sulfur distance, 2-98 A, is then in excellent agreement 
with the ionic sum (2-97 A) for trivalent cerium. However, there are three sulfur atoms near 
the top of the prism that strongly repel the centrally located sulfur atom. This repulsive 
force would be greatly diminished if the parameter x. was somewhat smaller, say approxi- 
mately 0-06. The only force opposing this movement would be the lengthening of the Ce-S 
bond in the long tetrahedron, type a. (See Fig. 3.) 

In passing, we note that an argument, though weak, can be aligned against a purely 
ionic picture of cerium sulfide containing Ce*? ions. These cations might be expected to 
have a radius of about 1-20 A. Since in Ce3S4 they exist in 33 per cent population, a cell edge 
increase of 0-07 A might be calculated in contradistinction to the small decrease of 0-01 A 
noted. In the SmgS,4 system such a cell edge increase is noted in agreement with the magnetic 
data supporting the existence of Sm*? ions [4]. 

An estimate of the covalent or metallic valence V of cerium may be calculated according 


* From a private discussion with S. W. Kurnick, of General Atomic. 
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to Pauling [6] by means of equations (8) and (9). 
V ce) Sn for all Ce—S bonds (8) 
d(n) = R\(Ce) + Ri(S) + 24R (9) 
AR 0-300 log n (7) 
Ri(Ce) = 1-646 A Ri(S) = 


where R stands for metallic radius, d for the cerium-sulfur distance and » for the bond order. 
The valence of cerium is shown as the top curve against x, the sulfur parameter, in Fig. 7. 
The two lower curves indicate the contributions of the bonds in the long tetrahedron 
(L.T.) and in the flat tetrahedron (F.T.), respectively, 41, 4n2. The dash lines at V = 3 


4n 
; 
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Fic. 7. Metallic valence, V(Ce), of cerium in CesS.4 systems as a function 
of metalloid parameter, x. 


and V — 2-66 indicate the average formal valence of the metal for Ce2S3 and CesS,, respec- 
tively. This model of the structure also suggests that the value of x — 1/12 is unfavorable 
for the sulfur parameter. The right-hand portion of the curve (x > 1/12) need not be con- 
sidered because of the close sulfur-sulfur contacts. We shall give attention to the portion 
between x — 0-065 and 0-075. Assume that in a certain locality the average sulfur position 
was approximately 0-075. The metallic valence of the cerium would then be roughly 2. 
By a small shift in the sulfur positions of 0-09 A (corresponding to 4x ~ 0-01), the average 
metallic valence would be increased to 3. That is, an electron could be accepted into a 
cluster of three cerium atoms. It is further interesting to note that for a single sulfur atom x 
can be decreased as much as 0-01 before that sulfur atom comes into van der Waal’s contact 
with the unmoved sulfur atoms located in the direction of smaller x. Hence it is not necessary 
to consider clusters of cerium atoms as a single metal atom may be able to accept an electron 
by forming stronger bonds with the sulfur atoms in the flat tetrahedron. These atoms would 
move in such a manner as to make the tetrahedron less flat. A calculation of the ionic 
character [6] of the Ce-S bond from an electronegativity difference of 1-4 gives an estimate 
of the charge transfer of 1-17 electrons from the cerium to the sulfur neighbors. Hence more 
orbitals than are used in the metallic state of cerium are not required in accepting an electron 


and assuming a higher valence. 
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An exact calculation of this type is not defensible, of course, but the above approach 
does suggest that a covalent trapping mechanism may be operative in electronic conduction 
in cerium sulfide (ThgP4 phase). 

Such a trapping mechanism will permit the correlated movement of the trap and the 
charge carrier in a manner similar to that of polaron conduction. The mobility might also 
be expected to be related to certain vibration modes (e.g., symmetrical vibration of the 
flat tetrahedrons about the metal site). The use of bond formation as an integral part of 
the trapping mechanism locates the charge carrier mostly on the metal without contra- 
dicting magnetic data [1, 4] (which does not support the existence of Ce*? ions). 

In regard to the possible conduction modes in the ThgP, phase of cerium sulfide, we note 
the following three points: 


1. Conduction via the metallic structure alone does not seem to be applicable. 

2. Lattice changes as well as magnetic data do not support the viewpoint of the 
localized charge carrier on either the metal or the metalloid. 

3. If the trapping of the charge carrier is an important part of the conduction mode, 
then the trapping mechanism involves the formation of covalent bonds rather than being 
wholly polar in its nature. 
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SYNTHESIS AND PROPERTIES OF THE 
SAMARIUM SULFIDES* 


M. D. HousTont 


ABSTRACT 


THE RARE earth compounds have been extensively investigated for refractory and semi- 
conductor applications, more specifically for thermoelectric power generation. Samarium 
sulfides were synthesized by direct reaction of the elements in sealed quartz chambers at 
temperatures in the range 600-800°C. Thermoelectric and X-ray structure data were 
obtained on polycrystalline compacts or powders. The analysis of the Sm—S system estab- 
lished four definite compounds, SmS, Sm3S4, Sm2S3 and SmSz, all cubic, and a series of 
solid solutions from SmgSq4 to Sm2S3. This binary mixture is analogous to that reported for 
Ce-S and probably applies to most of the rare earth-sulfur systems. The electrical character- 
istics change from insulating to semiconducting as the samarium/sulfur ratio increases. One 
mixed valence compound, Sm"Sm}!'S,, is suggested by the magnetic susceptibility data 
and the conditions for electroneutrality in the crystalline structure. All compounds possess 
melting points in excess of 1500°C. Semiconducting compounds have thermal conductivities 
of 10-2 W/°C-cm and good thermoelectric characteristics up to 1000°C. Precautionary mea- 
sures to prevent oxidation must be applied when utilizing the material at high temperatures. 


* The entire text of this paper appeared in Ceramic Age, September (1961). 
+ Westinghouse Central Laboratory, Pittsburgh, Pennsylvania. Now at NUMEC, Apollo, Pa. 
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THERMOELECTRIC PROPERTIES OF 
RARE EARTH CHALCOGENIDES 


R. C. VicKeRy*+ and H. M. Muir** 


Summary—Sesqui-oxides, sulphides, selenides and tellurides of several rare earths have been prepared 
and measurement made of their Seebeck coefficients and electrical resistivities over the temperature range 
30-1000 C. 

Data have also been collated from the literature to show that for a given rare earth, Seebeck coefficients 
decrease in the general order selenide > sulphide > telluride > oxide. For a specific chalcogenide anion, 
resistivities decrease with increasing atomic number of the rare earth as far as gadolinium and then increase. 

The factors, o°/p, generally show maxima at gadolinium compounds and this is thought to substantiate 
the theory that transport mechanisms in these materials involve 4f orbital electrons. 


INTRODUCTION 


THE INCREASING availability of rare earth compounds of high degrees of purity has led to 
wider investigations of their properties. Particularly has this been so in electronics areas 
and more specifically in the field of energy conversion where some of the unique properties 
attendant upon 4/ electron transitions have been applied, e.g. in maser and laser materials. 
Recent work has also shown that rare earth chalcogenides, when appropriately treated, offer 
some promise as thermoelectric materials. The known wide energy gaps for such com- 
pounds generally preclude their effective use at anything other than high temperatures but, 


in such areas, conversion of thermal energy to e.m.f. appears remarkably efficient. Because 
of this, and in order to provide a wide basis for continuing investigations in these labora- 
tories, a survey has been made of the thermoelectric properties of many of the rare earth 
sesqui-chalcogenides. This has been supplemented by data from other laboratories as noted 
below. 

Earlier work on the gadolinium-selenium system [l, 2] determined that optimum 
thermoelectric parameters did not stem from the simple sesqui-selenide, but from a meta- 
stable system resulting from interaction of this with the mono-selenide. Further papers, 
submitted for publication elsewhere, present a theoretical rationalisation of the phenomena 
observed. It has been necessary at this point, however, to retrace our steps and examine 
more cogently the properties of the pure chalcogenides in order that we may more com- 
pletely appreciate the transport mechanisms involved in these materials. This paper there- 
fore presents the results of a preliminary survey of the properties of the pure sesqui-chalco- 
genides of several rare earths. 


EXPERIMENTAL 


The rare earth oxides examined were obtained from standard sources and were all of 
99-9* per cent purity. 

The sulphides, selenides and tellurides were all prepared by direct reaction between the 
rare earth metal and the chalcogenide element. The technique employed, involving dual 
temperature heating, has been described previously [1] and is essentially a standard ap- 


* Formerly with Nuclear Corporation of America, Burbank, California. 
+ Electronic Materials Corporation, Santa Monica, California. 
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proach. At this point it must be emphasized however that it has not been found possible 
to prepare the pure chalcogenides by reaction of the rare earth oxide with e.g. H2Se, HeS, 
etc. Such a procedure invariably leaves at least traces of oxygen in the final product and, in 
some instances it has not been found possible to carry the reaction to the point at which 
oxygen contents drop below |-2 per cent. This may account for varying results reported by 
other workers [3] on the physical and chemical properties of the sesqui-sulphides, selenides 
and tellurides. 

After such direct reaction, the products were obtained in powder form which was con- 
solidated by induction melting, in an argon atmosphere. By controlled cooling the melt 
could be obtained in solid form without the occurrence of undue stress cracking and 
specimens could be selected for measurement of thermoelectric parameters. 

Rare earth oxides cannot be thus melted into coherent specimens and recourse therefore 
was made to the preparation of samples by either hot pressing techniques (temperatures 
~1200—1600°C and pressures ~ 1000-3000 p.s.i. were used), or standard ceramic techniques 

i.e. pressing, sintering. 

Specimens finally examined were approximately | cm « 50mm » 25 mm in dimension. 
Resistivities over the temperature range 30°C to 1000°C were measured in argon in both 
vacuum and at normal atmospheric pressure by the four-point probe technique [4] and 
Seebeck coefficients by the conventional technique previously described [1]. At this stage 
no data are available on thermal conductivity values other than those already extant. 


100 200 300 400 500 600 700 800 900 1000 


Fic. |. Seebeck coefficients of rare-earth oxides: 1. Y2O3; 2. LavO3; 3. CeOz: 
4. 5. GdeOs; 6. EreOs; 7. Yb2Os 


DATA OBTAINED 


Oxides. Seebeck coefficients obtained for the rare earth oxides are shown in Fig. |. 
Data points have been averaged with a mean deviation of +5 per cent. The linearity of 
e.m.f./temperature curves for samarium and ytterbium oxides is interesting in comparison 
with the curves of the other oxides and it is felt that this may bear some relation to the 
potential bivalency of these two rare earth elements. No data have been obtained, or appar- 
ently are thus far not available, for europium, praseodymium or terbium oxides. 
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Resistivity values (Fig. 2) clearly fall into two, and possibly three, classes. Oxides of the 
potentially bivalent elements again show somewhat anomalous values and these tend to 
increase with temperature. The p/T slope for cerium oxide, whilst generally decreasing with 
temperature nevertheless might be considered out of conformity with the general range of 
rare earth oxide resistivities; the same however might also be said for gadolinium oxide 
since the slope is hardly parallel to that of the other oxides even when deviations of + 10 
per cent are allowed for. 


10) 100 200 300 400 500 600 700 800 900 1000 !I00 !200 


T, 


Fic. 2. Electrical resistivities of rare-earth oxides: 1. Y2O3; 2. La2O3; 3. CeOv; 
4. Sme2Oz: 5. GdeOs; 6. Er2O3; 7. Yb2Os. 


Sulphides. Figure 3 shows again that anomalous thermoelectric values appear to obtain 
where the rare earth moiety is capable of bivalence; otherwise Seebeck coefficients clearly 
increase—at least as far as gadolinium—with increase in atomic number of the rare earth. 
Our values for cerium and samarium sulphides are in good agreement with those of Carter 
and Houston [5], but, for cerium sulphide, lower than those reported by Kurnick e¢ a/. [6]. 
It is unclear however whether the materials examined by these workers were purely stoichio- 
metric. As has been indicated above, and in earlier work, even mild variations in compo- 
sition or preparative techniques can grossly alter thermoelectric parameters. 

The anomalous resistivity of samarium sulphide is clearly shown in Fig. 4. Sulphides 
of the other rare earths show decreasing resistivities with increase in temperature but we 
have been unable to confirm the decreasing values presented by Carter and Houston (/oc. 
cit.) for the samarium compound. It must be emphasized however that high temperature 
measurement of resistivity is as yet insufficiently precise and standardized to warrant the 
drawing of specific conclusions. It might be possible that samarium sulphide decomposes 
with increase in temperature yielding a lower valence compound, but that this can be ob- 
scured if the original material be not purely stoichiometric. 
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i00 200 300 400 500 600 700 800 900 1000 
T, 
Fic. 3. Seebeck coefficients for rare-earth sulphides: 1. Y2S3; 2. LagS3; 3. CeSe; 
4. SmeSs: x GdoSs. 


Fic. 4. Electrical resistivities of rare-earth sulphides: 1. Y2S3; 2. LaeSs; 3. CeSe; 
4. Sm,S,; 5. Gd,Ss. 


Selenides. Seebeck coefficients for those compounds for which data are available display 
behavior similar to that seen in the sulphides (Fig. 5). Again the gadolinium compound 
presents the highest thermal e.m.f. values of those examined. Ytterbium selenide shows 
none of the anomalies previously seen and thought ascribable to possible valence variations. 

Resistivities for this series (Fig. 6) show that the sigmoid type curve, earlier noted for 
gadolinium selenide, is manifested also by the lanthanum, erbium and ytterbium com- 
pounds. 
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Fic. 5. Seebeck coefficients of rare-earth selenides: 1. La,Ses; 2. GdeSes; 
3. EreSes; 4. Yb2Ses. 
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Fic. 6. Electrical resistivities of rare-earth selenides: 1. LagSes; 2. Gd2Ses; 
3. EroSes; 4. YboSes. 
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Fic. 7. Seebeck coefficients for rare-earth tellurides: 1. LaeTes; 2. SmeTes: 
3. GdoTes; 4. EreTes; 5. YbeTes. 
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Fic. 8. Resistivities of rare-earth tellurides: 2. SmeTe3; 3. GdeTes. 
4. EreTes; 5. YbeTes. 
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Miller and Himes [7] report a room temperature resistivity for LagSe3 of 0-024 2-cm 
at 30 C; our present value is somewhat higher than this at 100°C and, whilst the sigmoid 
nature of the p/T curve can still be seen in the figure, it is less marked than in the other 
selenides. By direct comparison however, resistivities for this selenide are certainly lower 
than those of the other selenides prepared and examined. 

Tellurides. Miller and Himes (/oc. cit.) have reported thermoelectric data for several 
rare earth tellurides. Some agreement is found between these earlier data and results from 
present work. The different values previously reported for p and n type GdeTeg re-emphasize 
the point earlier made that minor preparation variables can grossly affect the electrical data 
obtained. 

Seebeck values now found are shown in Fig. 7 and again chalcogenides of the potentially 
bivalent rare earths, ytterbium and samarium present anomalously straight-line values as 
compared with the arched curves of the other chalcogenides. As indicated above, reasonable 
agreement is found between the earlier data of Miller and Himes and that now presented 
for the lanthanum and gadolinium compounds. 

Resistivities found for the tellurides are almost uniformly low (Fig. 8) and again in 
some agreement with earlier data. Somewhat surprisingly samarium and ytterbium tellurides 
do not display much similarity in p/T curves and only that of the latter telluride exhibits the 
sigmoid type curve seen in the selenide compounds. 


DISCUSSION AND SUMMARY 


Seebeck-coefficient data suggest that in rare earth sesqui-chalcogenide series, thermally 
generated e.m.f.’s increase through the rare earth series as far as gadolinium and then 


decrease. For a given rare earth element also, Seebeck coefficient values tend to drop in 
the order selenides > sulphides > tellurides > oxides. Where deviations from these 
sequences are noted it is possible that they may represent valence variation in the rare earth 
moiety. 

For a given chalcogenide anion, resistivities appear to decrease with increasing atomic 
number of the rare earth as far as gadolinium and thereafter to increase. For a given rare 
earth, resistivities of sesqui-chalcogenides appear to decrease with increasing atomic weight 
of the chalcogenide. 

More specific correlation of thermoelectric power is given in Fig. 9. Plots of a?/p vs. 
rare earth show quite distinctly that thermoelectric values at 800°C peak at gadolinium for 
all systems except that of the oxides. Further work on the oxide systems is intended since 
most recent studies have shown that such materials can attain quite low resistivities when 
suitably treated. 

If one considers only the chalcogenides of a given rare earth element, variations of p 
and a values are in conformity with accepted extrinsic semiconductor theory, i.e. increased 
charge mobility with increasing atomic weight, etc. Looking at the data from the rare 
earth metal aspect however, we must account for maxima and minima obtaining at gado- 
linium. Similar observations of sequential maxima and minima are seen in other properties 
of a series of rare earth compounds [8]. In general these have been attributed to ionic radii 
4f-electron density relationships and it may well be that in the chalcogenides a similar 
effect is seen. If so some support can then be elicited for the theory that, in the rare earth 
series the low lying 4f electrons do play a significant part in transport mechanisms [9]. 
Apparently anomalous variations in electrical properties of the chalcogenides of samarium 
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and ytterbium—both having marked tendency towards bivalency—might be considered 
further supporting evidence for this theory since bivalence—or quadrivalence in the case 
of cerium, praseodymium or terbium—is known to affect the 4f orbital electron population. 


Oxides 

Sulfides 

Selenides 
Tellurides 


Y Lo Ce 


Fic. 9. S*/p for rare-earth chalcogenides at 800°C. 
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SEMICONDUCTING PROPERTIES OF 
AMORPHOUS MATERIALS* 


H. L. UPHOFF and J. H. HEALY* 


ABSTRACT? 


TEN COMPOSITIONS in the systems As : Se : Te and As : S : Te were synthesized, and nine 
of the ten were amorphous in structure. 

The resistivities of the materials in both systems were determined at temperatures up to 
373K. The resitivities varied exponentially with the inverse of the absolute temperature. 
At room temperature (298°K), the resistivity values ranged from 4-7 « 104 2cm to 
2:5 x 10!8 Qcm. At any temperature, the material resistivity values decreased with in- 
crease in tellurium content. 

The Seebeck coefficient values of the amorphous materials in the system As : Se : Te 
were determined over the same temperature range as the resistivity values. All of the amor- 
phous materials were p-type and all possessed a negative temperature coefficient of the 
Seebeck coefficient. In most cases, the Seebeck coefficient temperature dependence can be 
represented by a straight line. At room temperature (298K), the Seebeck coefficient values 
range from 1070 nV/°C to 1625 nV/°C. 

The thermal conductivities of the materials in the system As : Se : Te were determined, 


the values for the amorphous materials in this system range from 3-3 — 4-1 mW/cm°C, and 
they show very little variation as a function of material composition. 


* This work was sponsored by the Office of Naval Research under contract NONR 2965(00) and is 
continuing under Amendment 1. 

+ A. O. Smith Corporation, Milwaukee, Wisconsin. 

t The full text of this paper appeared in J. Appl. Phys. 32, 950 (1961). 
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THERMOELECTRIC POWER AND ELECTRICAL 
CONDUCTIVITY OF MOLTEN BINARY THALLIUM ALLOYS* 


DONALD F. STONEBURNERT 


ABSTRACT 


AN INVESTIGATION was undertaken to determine the thermoelectric properties of a series 
of binary liquid compositions having one element in common. Thallium was chosen as the 
common element, and liquid alloys of thallium with arsenic, antimony, bismuth, sulfur, 
selenium and tellurium were studied. The thermoelectric power and electrical conductivity 
were measured as a function of temperature for each composition investigated, and the 
temperature dependence of both were noted. 

The results of this investigation indicated metallic behavior for the alloys of thallium 
with arsenic, antimony, and bismuth, while the sulfides, selenides, and tellurides exhibited 
semiconduction. The results are compared with the properties of the same composition in 
the solid state, where such information is available in the literature. The work of this in- 
vestigation confirms the observation that long-range order is not a necessary requirement 
for semi-conduction. Changes in thermoelectric properties of semiconductors on fusion 
have been related to the change in bonding on fusion. 


* The complete version of this paper has been submitted for publication in Trans. AIME. 
+ General Atomic, Division of General Dynamics Corporation, San Diego, California. 
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ABSTRACTS 


Compiled by MiLprReD Benton, U.S. Naval Research Laboratory 


INTRODUCTION 


IN SUPPORT of co-ordinated scientific effort of the Armed Forces thermoelectric programme, the Material 
Development Branch, Bureau of Ships, requested the Library of the U.S. Naval Research Laboratory to 
service as a Centre for the collection, maintenance and publication of references to the literature on 
thermoelectric research, development and application. 


Sources utilized in the preparation of this bibliography include current periodicals and research 
reports received in the Library of the U.S. Naval Research Laboratory and the following index and 
abstract journals: 


Abstracts Journal, Metallurgy (USSR) 

Applied Mechanics Reviews 

Applied Science and Technology 

ASM Review of Metal Literature 

Battelle Technical Review 

Bell Telephone Laboratories. Technical Information Libraries. Index to Current Technical 
Literature 

Ceramic Abstracts 

Chemical Abstracts 

Dissertation Abstracts 

East European Accessions Index (Library of Congress) 

Engineering Index 

Institute of Radio Engineers. Proceedings 

Instrument Abstracts 

Metallurgical Abstracts 

Monthly Index of Russian Accessions (Library of Congress) 

Nuclear Science Abstracts 

Readers Guide to Periodical Literature 

Science Abstracts (Section A. Physics Abstracts; Section B. Electrical Engineering Abstracts) 

Semiconductor Abstracts 

Technical Abstract Bulletin (ASTIA) 

Technical Translations 

U.S. Government Research Reports (OTS). 


Within each subject category the arrangement for periodical entries is alphabetical—-by author, 
or by title if author is lacking; and for research reports—-by issuing agency. Each entry is numbered in 
preparation for an anticipated index. Abbreviations for journal titles are based on those used by the 
U.S. Naval Research Laboratory Library. A list of these abbreviations, together with the journals 
which they represent, appears on the pages following this introduction. 


The majority of the publications referred to should be available for consultation or borrowing at 
the larger public or research libraries. Research reports can usually be obtained from the Armed Services 
Technical Information Agency (ASTIA), Arlington Hall Station, Arlington 12, Va., through established 
borrowing procedures and from the Office of Technical Services (OTS), Washington 25, D.C., by purchase. 
AD numbers (for ASTIA material) and PB numbers for (OTS material) are included, when known, in 
order to facilitate use of ASTIA or OTS services. 

Translations, when referenced, are usually indicated to be available from SLA (Special Libraries 
Association Translation Center, located at the John Crerar Library, 86 E. Randolph St., Chicago 1, Ill) 


or from LC (Library of Congress, Washington 25, D.C.). Complete information regarding such trans- 
ations may be found in the issue of Technical Translations designated in the citation. 


Suggestions concerning this bibliography are encouraged by the compiler, Miss Mildred Benton, 
Consultant in Research Information, U.S. Naval Research Laboratory, Code 2023, Washington 25, D.C. 
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ABBREVIATIONS USED IN CITATIONS TO PERIODICALS 


The following is a list of abbreviations used in citing references to periodicals, followed by the com- 


plete title of the periodical. 
Acad. Sci. Paris. Compt. Rend. 


Acta Met. 

Acta Phys. Polon. 

Air Univ. Quart. Rev. 

Akad. Nauk. SSSR. Dok. 

Akad. Nauk. SSSR. Inst. Obshchei i 
Neorg. Khim. Izvest. Sektora 
Platiny i Drug Blagorod. Metal. 

Akad. Nauk. SSSR. Izvest. 

Akad. Nauk. SSSR. Ser. Fiz. Izvest. 

Akad. Nauk. SSSR. Ural. Filial. Inst. 
Fiz. Metall. Trudy. 

Akad. Nauk. SSSR. Vest. 

Algiers Univ. Pub. Sci. Ser. B. 


Am. Inst. Mining Engrs. Met. Soc. Trans. 


Am. J. Sci. 

Am. Phys. Soc. Bull. 
Am. Soc. Mech. Engrs. Trans. 
Ann. Physik. 

Ann. Radioélec. 

Appl. & Indus. 

Arch. Tech. Messen. 
Arch. Eisenhiittenw. 
Armed Forces Chem. J. 
ARS J. 

Atlantic Mon. 

Aviat. Wk. 


Brit. Comm. & Electron. 
Brit. J. Appl. Phys. 
Bus. Wk. 


Can. J. Phys. 

Ceram. Indus. 

Chem. & Eng. News 

Collection Czechoslov. Chem. Comm. 
Comm. & Electron. 


Dig. Soviet Tech. 
Dissertation Abs. 


Elec. Eng. 

Elec. Mfg. 

Elec. Rev. 

Elec. World 
Electrochem. Soc. J. 
Electrochem. Soc. Trans. 
Electron. 

Electron. Tech. 
Electrotech. Lab. Bull. (Japan). 
Elektrotech. Obzor. 
Eng. 

Eng. Mat. & Design 
ETZ 


- 


Académie des Sciences, Paris. Comptes Rendus Hébdoma- 
daires des Séances. 

Acta Metallurgica 

Acta Physica Polonica 

Air University Quarterly Review. 

Akademiya Nauk. SSSR. Doklady 

Akademiya Nauk, SSSR. Institut Obshchei i 
Neorganiheskoi Khimii. Izvestiya Sektora 
Platiny i Drugikh Blagorodnykh Metallov. 

Akademiya Nauk, SSSR. Izvestiya 

Akademiya Nauk, SSSR. Seriya Fizicheskaya Izvestiya 

Akademiya Nauk, SSSR. Ural’skii Filial. Instituta Fiziki 
Metallov. Trudy. 

Akademiya Nauk, SSSR. Vestnik 

Algiers Universite. Publications Scientifiques, Serie B. 

American Institute of Mining Engineers. Metallurgical 
Society. Transactions. 

American Journal of Science. 

American Physical Society. Bulletin. 

American Society of Mechanical Engineers. Transactions. 

Annalen der Physik 

Annales de Radioélectricité 

Applications and Industry 

Archiv. fiir Technisches Messen 

Archiv fiir das Eisenhuttenwesen 

Armed Forces Chemical Journal 

ARS Journal 

Atlantic Monthly. 

Aviation Week 


British Communications and Electronics 
British Journal of Applied Physics 
Business Week 


Canadian Journal of Physics 

Ceramic Industry 

Chemical and Engineering News 

Collection of Czechoslovak Chemical Communications 
Communication and Electronics 


Digest of Soviet Technology 
Dissertation Abstracts 


Electrical Engineering 

Electrical Manufacturing 

Electrical Review 

Electrical World 

Electrochemical Society. Journal 

Electrochemical Society. Transactions 

Electronics 

Electronic Technology 

Electrotechnical Laboratory. Bulletin. (Japan). 
Elektrotechniky Obzor 

Engineering 

Engineering Materials and Design 

Elektrotechnische Zeitschrift 
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Faraday Soc. Trans. 
Fiz. Met. i Metalloved. 
Fiz. Tverdogo Tela. 
Frank. Inst. J. 


Helv. Phys. Acta 
Hiroshima Univ. Fac. Eng. Bull. 


lasi Inst. Polit. Bul. 
Indus. Eng. Chem 

Inst. Elec. Engrs. Proc. 
Inst. Intern. Froid. Bull. 


Inst. Met. im A. A. Baikova. Trud\ 


Inst. Radio Engrs. Proc. 
Inst. Radio Engrs. Trans. CP 


Inst. Radio Engrs. Trans. ED 


Instr. & Contr. S) 

Instr. Soc. Am. J. 

Acad. Sci. Prov 

Tron & Steel Inst. J. 

Izvest. Vysshikh Ucheb. Zaved. Fi 


J. Appl. Phys 

J. Chem. Phys 

J. Chim. Phys. 

J. Electron & Conti 

J 

J 


. Less Common Meta 


. Phys. Chem. 
Je Re 


J. Sci. Instr. 


J. Nuclear Mat. 


Kholod. Tekh. 
Kyushu Univ. Fac. Sci. Mem 


Leeds Phil. & Lit. Soc. Pros 
Vac hh De sign, 


Meas. Tech. (USSR.) 
Met. Re 


Voskoy. Univ. Ser. Mat. Mekhan 


istron. Fiz. i Khim. Vestnik. 


Nachrtech. Z 

Naturw. 

Nauch. Dok. Vys. Shkolv. Met 
Ned. Akad. Wetens. Proc. 
Nuclear Sci. Abs. 

Nuc le ar Sci. & Eng 


Onde Elec. 


Phil. Mag. 

Philips Res. Repts. 

Phys. Metals & Metallog 
Phys. Rev. 

Phys. Rev. Ltr. 

Phys. & Chem. Solids. 

Phys. Soc. Japan, J. 

Phys. Soc. Proc. 
Poluprovodniki v Nauke i Tekh. 


Abstracts 


Faraday Society. Transactions 
Fizika Metallov i Metallovedeniya 
Fizika Tverdogo Tela 

Franklin Institute. Journal. 


Helvetica Physica Acta 
Hiroshima University. Faculty of Engineering. Bulletin 


Iasi Institutal Politechnic. Buletinul 

Industrial and Engineering Chemistry 

Institution of Electrical Engineers. Proceedings 

Institut International du Froid. Bulletin. 

Instituta Metallurgii imeni A. A. Baikova. Trudy 

Institute of Radio Engineers. Proceedings 

Institute of Radio Engineers. Transactions, Professional 
Group on Component Parts 

Institute of Radio Engineers. Transactions, Professional 
Group on Electron Devices 

Instruments and Control Systems 

Instrument Society of America. Journa\ 

lowa Academy of Science. Proceedings 

Iron and Steel Institute. Journal 

Izvestiia Vysshikh Uchebnykh Zavedenii Fizika 


Journal of Applied Physics 
Journal of Chemical Physics 
Journal de Chimie Physique 
Journal of Electronics and Control 
Journal of Less Common Metals 
Journal of Nuclear Materials 
Journal of Physical Chemistry 
Journal of Research (NBS) 
Journal of Scientific Instruments 


Kholodilnaya Tekhnika 
Kyushu University. Faculty of Science. Memoirs 


Leeds Philosophical and Literary Society. Proceedings 


Machine Design 

Measurement Techniques (USSR.) 

Metallurgical Reviews 

Moskovskogo Universiteta. Seriya Matematiki, Mekhanki, 
Astronomii, Fiziki i Khimii. Vestnik 


Nachrichtentechnische Zeitschrift 

Naturwissenschaften 

Nauchnye Doklady Vysshei Shkoly-Metallurgiya 
Koninklijke Nederlandse Akademie Van Wetenschappen 
Nuclear Science Abstracts 

Nuclear Science and Engineering 


Onde Electrique 


Philosophical Magazine 

Philips Research Reports 

Physics of Metals and Metallography (USSR) 
Physical Review 

Physical Review Letters 

Physics and Chemistry of Solids 

Physical Society of Japan. Journal 

Physical Society (London). Proceedings 
Poluprovodniki v Nauke i Tekhnike 
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Abstracts 


Praxis Physik/Chem. Phot. Praxis der Physik/Chemie Photographie 
Pribory i Tekh. Eksp. Pribory i Tekhnika Eksperimenta 

Prod. Eng. Product Engineering 

Radio Eng. & Electron. (USSR.) Radio Engineering and Electronics (USSR.) 
Res. Research 

Rev. Gen. Elec. Revue Générale d’Electricité 

Rev. Mod. Phys. Reviews of Modern Physics 

Roczniki Chem. Roczniki Chemii 

Roy. Soc. Edinburgh. Trans. Royal Society of Edinburgh. Transactions 
Roy. Soc. London. Proc. Royal Society of London. Proceedings 


Sci. Am. Scientific American 

Sci. News Ltr. Science News Letter 

Soc. Automotive Engrs. J. Society of Automotive Engineers. Journal 
Soviet Phys. JETP. Soviet Physics JETP 

Soviet Phys. Solid State Soviet Physics Solid State 

Soviet Phys. Tech. Phys. Soviet Physics Technical Physics 

Space/ Aero Space/Aeronautics 

Stanford Res. Inst. J. Stanford Research Institute. Journal 


Tohoku Univ. Res. Inst. Sci. Repts. Tohoku University. Research Institute. Science Reports 


Ukrain, Fiz. Zhurn. Ukrainskii Fizichnii Zhurnal 
U.S. Nav. Res. Lab. Rept. NRL Prog. U.S. Naval Research Laboratory. Report of NRL Progress. 


Westinghouse Engr. Westinghouse Engineer 


Z. Elektrochem. Zeitschrift fiir Elktrochemie 

Z. Metallk. Zeitschrift fiir Matallkunde 

Z. Naturforsch. Zeitschrift fiir Naturforschung 

Z. Physik. Zeitschrift fiir Physik 

Z. Physik. Chem. Zeitschrift fiir Physikalische Chemie 


Zhurn. Eksp. i Teor. Fiz. Zhurnal Eksperimental’noi i Teoreticheskoi Fiziki 
Zhurn. Neorg. Khim. Zhurnal Neorganicheskoi Khimii 

Zhurn. Priklad. Khim. Zhurnal Prikladnoi Khimii 

Zhurn. Tekh. Fiz. Zhurnal Tekhnicheskoi Fiziki 
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GENERAL 


1. Air Force. Cambridge Research Center, 
Bedford, Mass. Status report of the electronic 
material sciences laboratory. } in. thick, June 1, 
1959. (AFCRC Tech. Rept. 59-147) (AD215 822). 

Thermoelectric phenomena, p. 33-34. 

2. Alfred University. College of Ceramics, 
Alfred, N.Y. Semiconducting materials. Annual] 
Report, by G. I. Post, G. T. Lewis er al. 42 p., 
Nov. 1959. (Contract Nonr-1503(01)). 

Discussion of thermoelectricity, p. 25-38, 
includes review of the state of the art. A biblio- 
graphy of 60 references appears on p. 40-42. 

3. ALTENKIRCH, E. Elektrothermische Kalteer- 
zeugung und reversible elektrische heizung. (Electro- 
thermal refrigeration and reversible electric heating). 
Physik. Z. 12: 920-924, 1911. 

In German. 

Said to be the first important article on Peltier 
cooling, it includes calculations on the efficiency 
of Peltier refrigeration. The writer states that with 
copper-iron thermocouples not even a 2°C 
temperature difference could be obtained. 

Translation available from Special Libraries 
Assn. Translation Center, 86 E. Randolph, Chic., 
1, Ill. 

4. Astro note (on r and d). Astronautics. 3: 6, 
Oct. 1958. 

“Westinghouse revealed that certain thermo- 


electric (mixed valence) compounds give usable 
amounts of electricity for present satellite applica- 
tions, and will be practical for power generation at 
2000—3000°F within five years.” 

Entire item quoted. 


5. Bate, J. A. Electric and metallic properties of 
metals and alloy. Australasian Engr. p. 79-89, 
Jan. 1952. 

This paper is a review of the metallurgical 
aspects of electrical conductivity, thermoelectricity 
and ferromagnetism. Thermoelectric effects and 
factors affecting thermoelectric properties are dis- 
cussed. 

6. Battelle Memorial Institute, Columbus, 
Ohio. Thermoelectric power generation and related 
phenomena. 7 January—7 March 1959, 5 p., Apr. 15, 
1959. (Bimon. Rept. 2) (Contract Nobs-77034). 

Includes table giving thermoelectric properties 
of some n- and p-type Bi,Te, alloys. 


7. Battelle Memorial Institute, Columbus, 
Ohio. Thermoelectric power generation and related 
phenomena, by T. S. SHILLADAy. 10 p., June 5, 
1959. (Bimon. Prog. Rept. 3) (Contract Nobs- 
77034). 

Reports work on Bi,Te, alloys carried out prior 
to an alteration in scope of the contract. Plots of 
resistivity (p), thermal conductivity (k), thermo- 
electric power (a), and the figure of merit (z) as a 
function of the absolute temperatures are shown 
for Bi,Te,—Bi,Se, alloys. 


INFORMATION 


8. Battelle Memorial Institute, Columbus, 
Ohio. Thermoelectric power generation and related 
phenomena. |1 p., Aug. 24, 1959. (Bimon. Rept. 4) 
(Contract Nobs—77034). 

Report on materials development (preparation 
of III-V alloys, physical properties (AIAs), 
apparatus for measurement of thermal and 
electrical properties at high temperature), by J. F. 
MILLER, J. 1. GENCO, ef al, Report on fundamental 
properties of thermoelectric materials, by J. J. 
and A. C. BEER; Thermoconductivity 
measurements, by P. W. Davis and T. S. SHILLA- 
DAY. 

9. BECQUEREL, H. Historical note on thermal 
batteries. Elec. World, 15: 299, 1890. 

Several early experiments in thermoelectricity 
are discussed. A. C. Becquerel obtained electric 
currents by plunging a hot carbon rod into molten 
potassium nitrate contained in a platinum vessel. 
Another thermocouple, comprising two different 
metals, immersed in a melted silicate, is described. 

10. Beer, A. C. Semiconducting compounds—a 
challenge in applied and basic research. Electrochem. 
Soc. J. 105: 743-751, Dec. 1958. 

A brief outline is given for selecting thermo- 
electric materials. Some materials are considered— 
bismuth telluride, indium antimonide. Very little 
work has so far been done on thermoelectric 
materials which might be operable at higher 
temperatures above 600°C. 

11. BisHop, T. New use for Bi and Te. Metal 
Prog. 67: 110, June 1955. 

A recent demonstration before the Royal 
Society in London showed a unit employing 
bismuth and a bismuth tellurium compound which 
could freeze miniature ice cubes in a small metal 
tray. Research is to continue and further develop- 
ments are expected. One possibility is that sources 
of low-grade waste heat might be used with thermo- 
junction generators to provide the low-voltage 
high-current supply required to operate the cooling 
junctions. The same factors which control efficient 
thermoelectric cooling apply also to efficient 
thermoelectric generators. The successful develop- 
ment of these to make use of waste heat or solar 
energy might well provide useful sources of electric 
power for a variety of applications. 

12. BLANKE, B. C. Nuclear thermoelectric 
conversion. In Army Signal Research and Develop- 
ment Laboratory, Power Sources Division. 
Proceedings, 12th Annual Battery Research and 
Development Conference, p. 110-111, illus., 
Fort Monmouth, N.J., 1958. 

Mentions factors which will determine future 
trends; also, limitations, two of which are being 
overcome, i.e., cost of radioisotopes and in- 
efficiency of thermoelectric elements. The third 
difficulty is inherent in the system and this is the 
associated gamma radiation with the heat source. 
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198 Abstracts 


13. BrapLey, F. N. Thermoelectricity. Ceram. 
Age 73: 52-53, Apr. 1959. 

Uses and applications of thermoelectric devices 
and their importance to the ceramic industry. 


14. BRENNAN, W. D. Experiment in thermo- 
electricity. Am. J. Phys. 27: 427, Sept. 1959. 

A note attempting to explain the physical 
reasoning behind a statement by Noon and 
O’BriEN (Am. J. Phys. 26: 373, 1958) in their 
discussion of the operation of a thermoelectric 


refrigerator. 


15. BUNSEN, R. On some thermoelectric piles of 
great activity. Phil. Mag. 29: 159-162, 1865. 

A thermocouple of copper pyrites and copper 
produces an emf of approximately 0-1V. One 
junction is heated by a flame, the other is cooled in 


water. 


16. Carnegie Institute of Technology, College of 
Engineering and Technology, Atlanta, Ga. 
Fundamental research. 111 p., Dec. 1959. 

Abstracts of current research investigations 
include thermoelectric systems, p. 48; conducticns 
of electricity by thin metallic films, p. 49; and 
studies in electrical energy converters, p. 49-50. 


17. CELENT, CHRISTOPHER. Thermoelectricity 
the state of the art. Indus. 18: 66-78, 
illus., Jly. 1959 

Ihe century-old thermoelectric principle is no 
longer a curiosity relegated to the back of the 
physics books. New materials and methods of 
fabrication are producing laboratory devices which 
prove the feasibility of thermoelectricity for power 
generation and cooling. Readily adapted to a host 
of new situations, the devices may furnish auxiliary 
power for satellites, control the temperature of 
critical electronic equipment or efficiently utilize 
“unconventional” power sources such as solar 
and nuclear energy. 


Electron. 


electricity ; 
Eng. 48: 


compounds generate 
ceramics. Mat. Design 
158, 160, 162. illus. Nov. 1958. 
Concerns thermoelectric ceramics—ceramics 
that can convert the heat of a burning fuel or other 
high temperature heat directly into 


electricity. 


18. Ceramic 
thermoelectric 


source of 


19. Ceramics can convert heat into electricity. 
Chem. Eng. 65: 82, Dec. 15, 1958. 

Refers to Westinghouse discovery of a class of 
thermoelectric ceramics that look promising as an 
economical means of converting heat directly to 
electricity on a limited scale without going through 
the conventional steam-generation cycle. 


20. CoELHO, R., GopEFRoy, L. and TAVERNIER, 
J. Quelques problemes abordes par le groupe de 
recherches sur les semiconductors. Rev. Gen. Elec. 
68: 180L—187L, Dec. 1959. 

In French. 

Information is given on research in thermo- 
electricity in France. 


21. Cooper, J. C. and FRANKENBERGER, Nor- 
BERT. Thermoelectricity—a ray from the brighter 
tomorrow. Am. Soc. Nav. Engrs. J. 71: 657-664, 
figs., Nov. 1959. 

Background information, and explanation of the 
principle of thermoelectricity, applications, and 
brief mention of the extensive research and 
development programme now underway. 

22. CrussARD, C. and AUBERTIN, F. Contri- 
bution to the study of the thermoelectric power of 
metals. Rev. Mét. 45: 402-410, Oct. 1948. 

In French. 

The thermoelectric properties of the pure metals 
Cu, Al, Fe, Ni were measured at low temperatures, 
and the effects of elastic and plastic distortion 
investigated. In the case of Cu a linear relationship 
between thermoelectric power and elastic extension 
was found. The effect of plastic distortion on 
metals with cubic structures was attributed to 
hardening. The investigation of the effect of small 
quantities of impurity in Al and a study of an 
Al-Cu (4°% Cu) alloy led the authors to suggest 
that the method has metallographic applications, 
e.g., the accurate tracing of equilibrium diagrams 
in the region of very small concentrations of 
elements with very limited solubility. 

23. Cusack, N. and KENDALL, P. The absolute 
scale of thermoelectric power at high temperature. 
Phys. Soc. Proc. 72B: 898-901, Nov. 1, 1958. 

The object of the note is to point out that a 
combination of measurements now available in the 
literature enables the absolute thermoelectric 
power scale to be extended to high temperatures, 
and to provide tables of S for each of several high 
melting point metals. 

24. Cusack, N. Thermoelectricity in metals. In 
The Electrical and Magnetic Properties of Solids, 
Ch. 5, p. 97-121, London, Longmans, 1958. 

Introductory text on: Seebeck effect, Peltier 
effect, Thomson effect, thermodynamics of thermo- 
electricity, an alternative derivation of Kelvin 
equations, the absolute scale of thermoelectric 
power, thermoelectric effects and the electron gas 
model, the perturbed distribution function. 

25. pe Brasi, Victor. Undersea weapon systems. 
Propulson. Space/ Aero. 33: 68-71, illus., Jan. 1960. 

Dual use of a thermoelectric system for refrigera- 
tion and for generation of electric power is referred 
to in this review of the latest concepts of under- 
water propulsion for submarines and missiles. 

26. DouGLas, R. W. Semiconductors: no man’s 
land between metals and insulators. Nature, 175: 
1059-1061, June 18, 1955. 

Knowledge of basic physics of semiconducting 
materials has led to development of new circuit 
devices. 

27. Dun ap, W. C., Jr. A scientific tour through 
the soviet union. Elec. Eng. 77: 1027-1031, Nov. 
1958. 

Includes brief mention of work in the thermo- 
electric field by Soviet scientists. 
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28. DUNLAP, W. C., Jr. Semiconductor research 
in the USSR. Phys. Today, 11: 14-21, May 1958. 

In this account of a trip made last year by an 
American physicist to Soviet Russia, during which 
he visited several of the important semiconductor 
research institutes and interviewed a number of 
Russian scientists, it is pointed out that in the 
theoretical area, and in such specialized areas as 
the thermoelectric devices the Russian work 
stands out. 

29. Foresees expanded use of thermoelectric 
materials in homes by 1965. Prod. Eng. 30: 19, 
Nov. 2, 1959. 

Predictions were made at a seminar in thermo- 
electricity staged by Whirlpool Corp. at which 
new appliances were shown. 

30. From teakettle to atomic electricity. Life, 
46: 63-64, illus. Feb. 2, 1959. 

An old principle plus new materials makes a 
compact generator for satellites. Heat from 
current—or vice versa. 

31. FUSCHILLO, NICHOLAS. Thermoelectric energy 
conversion in solids. Frank. Inst. J. 267: 443-452, 
May 1959. 

A state-of-the-art article. 


32. GARDNER, A. R. Taming tomorrow’s 


power sources. Prod. Eng. 30: 28-31, May 4, 1959. 
Mentions thermoelectric devices and includes 
ONR diagrams of thermoelectric principles. 


33. General Electric Co. Aircraft Accessory 
Turbine Department. Research and development 
program on thermoelectric conversion of energy. 
Final Report, 1 October 1958-30 September 1959. 
1 in. thick, Oct. 23, 1959. (Contract DA44-177- 
TC-525). 

Reports major results and conclusions in the 
materials investigations and systems studies part 
of the programme. As a final report, it includes a 
correlated presentation of all pertinent material 
contained in the eleven previous monthly interim 
reports which have been prepared during the course 
of the programme. 

Several appendices give additional information, 
e.g., Appendix A—Fundamental relations for the 
performance of thermoelectric generators; Ap- 
pendix B—Relations for efficiency and weight of a 
thermoelectric generator with heat leakage 
through insulation—limiting case; Appendix C 
Derivation of fundamental relations for the per- 
formance of thermoelectric generators. 

In the Materials investigation the chalcopyrite- 
type compounds were selected for investigation, 
typical examples being CuGaS,, CuGaSe,, 
CuGaTe, and the corresponding silver compounds 
of gallium sulfide, selenide, and telluride. 


34. General Electric Co., Syracuse, N.Y. 
Study of thermoelectric generator materials, by N. 
SCHWARTZ and W. J. VAN DER GRINTEN. 46p., 
illus., 1959. (Interim Rept. 1) (Contract DA 30-115- 
ord-960) (AD-217 234) 


The technical effort described includes the results 
of a survey of existing thermoelectric generator 
elements, calculations on hybrid constructions of 
thermionic and Seebeck converters (Thermion- 
Seebeck converters), and work to date on an 
experimental programme designed to yield high 
temperature thermal conductivity data of reason: 
able accuracy on materials of interest in thermo- 
electric conversion. 


35. GENIN, G. Direct transformation of heat into 
electric power. The thermoelectric phenomenon. 
Chaleur & Indus. no. 404: 59-71, Mar. 1959. 

In French. Not examined. 

“Historical background of thermoelectricity; 
results obtained in Russia with the Peltier effect; 
research of the Westinghouse Electric Co., charac- 
terization of the thermoelectric materials according 
to their parameters; physical interpretation of 
thermoelectricity, selection of wide and of narrow 
band materials; future prospects.” (Batelle Tech, 
Rev. 8: 446a, Aug. 1959). 


36. Get set for the shock of thermoelectricity. 
Steel, 146: 57-60, figs., Feb. 29, 1960. 

It will make obsolete some present products, 
open new markets, shift others. It will challenge the 
designer’s imagination. It will demand new pro- 
duction processes, new materials, new technology. 
It will pave the way for new standards of reliability 
and efficiency. Metal-working will benefit. 


37. GeTTINGS, HAL. Prospects for thermo- 
electricity. Missiles & Rockets, 5: 29-31, illus., 
June 22, 1959. 

Heavy investment in research gives hope for 
long-lived power units for space application. 


38. Gotpsmip, H. J. Thermoelectric applications 
of semiconductors. J. Electron. 1: 218-222, Sept. 
1955. 

A review of the theory of thermoelectric genera- 
tors and refrigerators suggests that materials of 
high mean atomic weight should be used, provided 
that the effective mass of the free charge carriers is 
reasonably high. Results of cooling experiments 
using Bi,Te, are described and a photograph of a 
p-n type Bi,Te, couple capable of 40°C cooling is 
given. 

39. Grier, M. B. Wide use foreseen for applied 
thermoelectricity. Space/Aero. 31: 46-47, 49-50, 
52-54, illus., Jan. 1959. 

R&D engineers at Nortronics Division, North- 
rop Aircraft, Inc., Hawthorne, California, are 
turning up ways to relate the Seebeck and Peltier 
effects to modern designs in such areas as environ- 
mental conditioning, solar power conversion and 
electronics cooling. 

40. GrirritH, M. VY. Power from the sun: 
thermoelectric generation of direct current from 
solar radiation. Direct Curr. 2: 47-50, Sept. 1954. 

Latest state of development in direct conversion 
of solar energy into electric power; collection of 
solar radiation; utilization of absorbed solar 


200 
radiation; photoelectric generation of power, 
thermoelectric generators. 

41. GrirritH, M. V. Thermoelectric generation 
of useful power: a review of the possibilities. 
Direct Curr. 1: 10-13, June 1953. 

Efficiencies, possible materials, 
thermoelectric generators. 

42. Heat into electricity. Sci. Am. 199: 58-60, 
Nov. 1958. 

Comments, briefly, on recent thermoelectric 
developments at Westinghouse and the Massa- 
chusetts Institute of Technology. 


43. Hot stuff, and cold. Newswk. 53: 85, Mar 30, 
1959. 

A popularly styled article about the beginnings 
of thermoelectric power, its present state and future 
possibilities. 

44. Howarp, R. E. and Liptarp, A. B. Thermo- 
electric power of ionic crystals. Faraday Soc. Disc. 
23:113-131, 1957. 

The thermoelectric power of an ionic conductor 
MX fitted with electrodes of metal M is discussed 
from the point of view of the lattice defects 
existing in the salt. This power is composed of 
2 parts: (1) a “homogeneous” part that is related 
to the “heats of transport” of the defects, and (2) 
an “inhomogeneous” part that is related to the 
entropies of formation of the defects. Detailed 
results are given for the case where MX is a 
cationic conductor showing Frenkel disorder, and 
the influence of impurities of type NX, in MX is 
discussed. The power of an impure crystal is 
found to be unaltered by the establishment of a 
Soret concentration gradient. Agreement between 
present theory nad the existing, rather scant, data 
on AgBr is adequate, but further experiments on 
AgBr and AgCl are desirable. 

45. Howarp, R. E. and Lipiarp, A. B. 
Thermoelectric power of ionic conducting crystals. 
Phil. Mag. 2: 1462-1467, Dec. 1957. 

The thermoelectric power, 9, of crystals which 
conduct electricity by movement of Frenkel or 
Schottky defects is analysed in terms of the con- 
centration of defects, their mobility and their heat 
of transport. Particular attention is given to AgCl 
and AgBr containing divalent impurity ions, and 
isothermals showing the dependence of 8 on foreign 
ion concentration c are constructed. The power 
increases (algebraically) in proportion to c at small 
concentrations, reaches a maximum and _ then 
slowly decreases with further addition of impurity; 
the overall changes in 0 are ~1 mv/deg.C. 


and uses of 


46. Hutu, J. H. What power sources in space? 
Astronautics 3: 24-25, 62-64, illus., Oct. 1958. 

Forecasts use of certain oxidic materials, such as 
ferrites and titanates which may exhibit desirable 
thermoelectric properties at temperatures as high 
as 600—1000°C. 


47. Infosearch. Technical Literature Information 
Service, Russian Literature Survey, London, Eng. 


Abstracts 


Semi-conductor thermoelectric generators and 
refrigerators and their applications. §{ in. thick, 
Aug. 1956 (SEM-1-56). 

Six pages of bibliography of literature on semi- 
conductors, their properties and applications is 
given at the end of the volume. 

48. Infosearch. Technical Literature Information 
Service. Russian Literature Survey, London, Eng. 
Semi-conductors for thermoelectric applications. 
} in. thick, June 1958. (SEM-5-58). 

For translations included see Gordyakova, 
Nikitin, Boltaks, Kolomoets, Semenkovich, 
Stil’bans, Amirkhanov, and Bashirov. 

49. Infosearch. Technical Literature Information 
Service. Russian Literature Survey, London, Eng. 
Soviet progress in semiconductors. } in. thick, 
Dec. 1957. (SEM-4-57). 

Contains translations of five articles. 

50. Infosearch. Technical Literature Information 
Service. Russian Literature Survey, London. Eng. 
Thermoelectric applications handbook. 84 p., 
Nov. 1958. (SEM-6-58). 

Reviews theory of thermoelectric applications; 
selection, preparation and properties of thermo- 
electric materials; and measurement of thermo- 
electric properties. Reports progress in thermo- 
electric materials made in Russia since 1957. 

51. INMAN, B. D. Thermal generation of 
electricity and thermoelectric heat pumps. Armed 
Forces Chem. J. 13: 20-21, Nov/Dec. 1959. 

This is a brief resume of the Navy’s thermo- 
electricity programme and a forecast of important 
special purpose military applications for thermal 
electricity. 

52. International Conference on Semicon- 
ductors, Amsterdam, 1954. Proceedings . . . 
29 June-3 July 1954, p. 801-1138, Amsterdam, 
Netherlands Physical Society, 1954. 

Reprinted from Physica, 1954. For articles 
specifically on thermoelectricity see entries for 
Austin, I. G., DoNovan, B., KROGER, F. A., 
MacDona D. K. C. and Smit, R. A. 


53. International Conference on Low Tempera- 
ture Physics and Chemistry. Proceedings . . . 5th 
Conference, Madison, Wisconsin, August 1957. 
676 p., Madison, University of Wisconsin, Press, 
1958. 

Among the subjects covered are thermal and 
electrical conductivity of elements and compounds; 
thermal and electrical conductivity of alloys; 
magneto-resistance, thermoelectricity, resistivity, 
and Hall effect. 

See entries for Bunch, Hall, MacDonald and 
Roder. 

54. International Conference on Semiconduc- 
tors. Proceedings. Rochester, August 18-22, 1958. 
552 p., illus., New York, Pergamon Press, 1959. 

Published as Physics and Chemistry of Solids, 
8, January 1959. 

For individual entries, see Appel, Joffe, Hutson, 
Kanai, Roder, Sasaki, and Zener. 
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55. Iorre, A. F. The revival of thermoelectricity. 
Sci. Am. 199: 31-37, illus., Nov. 1958. 

The Seebeck and Peltier effects dispense with 
moving parts in the transformation of energy from 
heat to electricity. Long regarded as curiosities, 
they are now generating a technological revolution, 
due to the semiconductor. 


56. Iorre, A. F. Semiconductor thermoelements 
and thermoelectric cooling. 184 p., illus., London, 
Infosearch Limited, 1957. 

Translated from the Russian. 

Part 1, Ch. 1, Introduction: Ch. 2, Thermo- 
electric generators; Ch. 3, Other applications of 
thermoelements. Part 2, Ch. 1, Theory of thermo- 
electric cooling; Ch. 2, Experimental investigation 
of the thermoelectric properties of semiconductors; 
Ch. 3, Applications of thermoelectric cooling. 


57. lorre, A. F. Thermoelectric and thermal 
properties of semi-conductors. J. Phys. et Radium, 
18: 209-213, Apr. 1957. 

Discussion with reference to the application of 
semiconductor thermocouples for power supply. 


58. Iorre, A. F. and Stit’Bans, L. S. Physical 
problems of thermoelectricity. Rept. Prog. Phys. 22: 
167-203, 1959. 

The interest in thermoelectric phenomena and 
in their practical applications led to an investiga- 
tion of semiconductors with high electrical 
conductivities o and low thermal conductivities k. 
The requirement of the highest possible ratio of 
the mobility U to k directed attention to solid 
solutions. k could be decreased to values corre- 
sponding to a free path of phonons of a few inter- 
atomic distances. The replacement of positive ions 
in a compound by analogous ions (for instance Bi 
by Sb in Bi,Te,, or Pb by Sn in PbTe) decreases 
many times the mobility of electrons, while the 
mobility of holes remains unaltered. A distortion 
of the sublattice of negative ions leads to a decrease 
of the mobility of holes. The influence of im- 
purities on the free path of phonons and of free 
charge carriers reveals the scattering cross-section 
of defects. Crystal lattices with a proportion of 
unfilled sites have exceptionally short free paths 
which, calculated in the usual way, are smaller 
than the periods of the lattice. Accordingly the 
mobility increases with rising temperature; using 
degenerative systems of free charge carriers it 
became possible to separate the influence, on the 
mechanism of scattering, of the velocity of elec- 
trons on one hand, and of the thermal motion of 
the lattice on the other. The onset of intrinsic 
conduction introduces an additional thermal 
conductivity due to the diffusion of electron-hole 
pairs. Excitons, with small excitation energies, 
have an analogous effect. The high transparency 
of pure semi-conductors to radiation with hvwE° 
brings into action a heat conduction mechanism, 
due to the transmission of infrared radiation, as 
long as absorption by impurities or by free charges 
does not stop the radiation. The dragging of 
phonons and electrons increases both the thermal 


201 


conductivity and the thermoelectric power at low 
temperatures. The materials selected for thermo- 
electric devices are investigated in detail. 


59. Iorze, A. F. Poluprovodniki i ikh primenenie. 
(Semiconductors and their application). 63 p., 
Moscow, Znanie Publishing House, 1956. 

In Russian. 

Two lectures on the properties and applications 
of semiconductors: I—The Physics of Semi- 
conductors; IIl—The Application of Semicon- 
ductors in Industry and Life. 


60. IorreE, A. F. Semiconductor materials for 
thermoelements. /n Infosearch Ltd. Semiconductor 
Heat and Light Energy Converters, p. 1.1-1.11, 
London, Jan. 1959. (Russian Lit. Survey, SEM-—7- 
59). 

Describes materials which have been used until 
now for the construction of thermoelements. 


61. lorre, A. F. Thermoelectricity in semi- 
conductors. Zhurn. Tekh. Fiz. 23: 1452-1459, 1953. 

In Russian. 

Problems involved in obtaining TE generators of 
high efficiency discussed. Maximum efficiency is: 
(1- y1—A)]_ where 
A=T,(a,+a,) — +1.) (x, +x,), where a is the 
TE force, r the specific resistivity, and x the thermal 
conductivity. The dependence of a, r, and x on T 
is little known and requires more theoretical study. 


62. Iorre, A. F. Unsolved problems of the semi- 
conductor theory. Akad. Nauk. SSSR. Ser. Giz- 
Izvest. 15: 477-486, 1951. 

Existence of liquid semiconductors makes 
present theory, based on periodicity of the crystal 
lattice, inadequate. Examples are given of the 
semiconducting nature of liquids: the temperature 
coefficient of conductivity of T1°S, Sb°O°, BrO’," 
Na’Te° remains the same in the solid and liquid 
state; however, when fusion is accompanied by a 
change in the nature of chemical bonds or co- 
ordination number (Ge, Se), there is an abrupt 
change in conductivity and temperature coefficient. 
Ge becomes metallic, Se remains a semiconductor 
with an enlarged forbidden zone; liquid Te 
gradually goes from a semiconductive to a metallic 
state. The movement of electrons in the crystal 
is not a function of m, (mass of free electron) but 
of M* (“‘effective’’ mass of the electron). The M* 
can be calculated from simultaneous measurements 
of the Hall constant and TE force. It is tabulated 
for diamond type lattices (Si-p, Si-n, Ge-—n, 
HgSe—n, HgTe—n, InS—bp) and shows that the 
“effective” mass is equal to the “free” mass for 
Si-p, Si—n, InS—bp, and HgTe-—n; is a small fraction 
of this mass inGe—n, HgSe—n, PbTe—n, and CdTe—n; 
and is many times greater in TiO,—n, Wo,—n, and 
Se—p. Metals can also have “hole” conductivity, 
or mixed electron and hole conductivity. 

63. JaumoT, F. E., Jr. Thermoelectric effects. 


Appendix I—derivation of the Kelvin relations. 
Appendix I1—useful formulas for practical applica- 
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tion of thermoelectric effects. Jnst. Radio Engrs. 
Proc. 46: 538-554, Mar. 1958. 

Review of the basic principles of thermoelectric 
effects in solids, with emphasis on the practical 
application of these effects. The present status of the 
problem and recent achievements are outlined. A 
qualitative approach is used. 

Includes over 100 references. 


64. JOHNSON, MATTHEY AND Co., Hatton 
Garden, London. Semiconductors: an introduction 
to principles, materials and uses. 12 p., May 1959. 

Pamphlet. account covering semi- 
conductor devices; diodes and rectifiers, transis- 
tors (point contact, junction and photo-), Hall 
devices (thermoelectric refrigeration and 
generation). Not examined.—(Brit. Non- 

Metl Res. Assoc. Bull. No. 363: 492, Oct. 


Concise 


effect 
power 
Ferrous 
1959). 

65. Justi, E. Electrothermal refrigeration. Kd/- 
tetechnik, 5: 150-157, 1953. 

A summary of the theoretical, experimental, 
technical and economic aspects of the Seebeck, 


Peltier, and Thomson thermoelectric effects. 


66. Ke_iy, J. Explanation of the mechanism of 
thermoelectric refrigeration. Air Cond. Heat and 
Vent. 56: 89-91, Mar. 1959. 

Basic principles of thermoelectricity to provide 
better understanding of production of cold through 
this principle are discussed. Thermoelectric refri- 
geration is defined as heat pumped by electrons. 
Materials found most attractive are those in the 


general class of semiconductors. Thermal efficiency, 
coefficient of performance is defined as heat being 
pumped divided by power necessary to pump it; 
this may be related to properties of material by 


given expression. 


67. Kettey, C. M. Thermoelectric power. /n 
International Symposium on High Temperature 
Technology, October 6-9, 1959. Advance Papers, 
p. 328-337, Stanford, Calif., Stanford Research 
Institute, 1959. 

Considers the status of knowledge of thermo- 
electric theory and the development of thermo- 
electric devices. 

68. Ketty, J. C. R., Jr. This business of getting 
power direct from heat, where does it stand today? 
Power Eng. 63: 73, Jly. 1959. 

Remarks taken from a paper presented at the 
1959 American Power Conference. 

Briefly compares the mechanism of thermo- 
electricity with conventional power generation. 


69. Ketry, J. C. R., Jr. Direct conversion of heat 
to electric power. Its present status and future 
prospects. Jn American Power Conference Pro- 
ceedings vl. XXI, p. 45-50, Chicago, Illinois 
Institute of Technology, 1959. 

A summary article including the history, 
physics and engineering of thermoelectricity; the 
state of the art; percentage of efficiency; heat 
pumps; and a forecast 
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70. KHALILOV, A. Yu. Study of temperature 
dependence of thermoelectromotive force of semi- 
conductors. Azerbaid. Zaoch. Pedagog. Inst. Trudy. 
No. 1: 69-78, 1954. 

In Russian. Not examined. 

“Specimens of Cu,O, MoS,, PbS were tested in 
order to find the dependence of thermo emf on 
temperature. Butts of specimens were submitted 
to a temperature difference of 773°K. It was 
found that the thermo-emf of all tested semi- 
conductors increases with rising temperature.” 
Referat. Zhurn. Fiz. No. 14208, 1955. 


71. Kiass, P. J. Arpa studies auxiliary space 
power. Aviat. Wk. 71: 89-91, 93, 95, 97, Jly. 13, 
1959. 

Briefly lists some of the industrial concerns 
actively investigating means for generating electric 
power, and describes their objectives. Merck, 
Sharp & Dohme Research Laboratories, a pharma- 
ceutical house, is said to be producing thermo- 
electric materials such as bismuth telluride and is 
developing improved semiconductor materials for 
this purpose. 

The article also indicates some of the more 
promising possibilities for electric power systems 
for space vehicles, among them the solar thermo- 
electric system, solar thermionic system, and the 
nuclear thermoelectric system. 


72. LAFonp, C. D. How NBS researches semi- 
conductors. Missiles and Rockets, 5: 31-33, illus., 
Apr. 27, 1959. 

The study of electrical measurements includes 
investigation of the thermoelectric effect. 


73. LANGE, ErtcH. The galvanic thermocell: 
the thermocouple. Z. Physik. Chem. 209: 162-178, 
1958. 

In German. 

For English summary see Chem. Asb., 53: 19634, 
1959. 

74. LANGENECKER, B. Zum problem der rationel- 
len thermoelektrischen stromerzeugung im extra- 
terrestrischen aufgabenereich. (On the problem of 
a practical thermoelectric current generator for 
extraterrestrial applications). Jn International 
Astronautical Congress, 4th, Zurich, 1953, 
Space Flight Problems, p. 181-188, Biel-Bienne, 
Switzerland, Laubscher, 1953. 

In German. 

An account of the principles of thermoelectricity 
and their applications. 

75. LieEBERMAN, D. S. Thermoelectricity. A 
conference report. Phys. Today 12: 26-28, Feb. 
1959. 

A summary of some of the papers given at the 
Conference on Thermoelectricity conducted by the 
U.S. Naval Research Laboratory in Washington, 
D.C., on September 3 and 4, 1958. 

76. MACDONALD, D. K. C., Mooser, E., 


PEARSON, W. B., TEMPLETON, I. M. and Woops, 
S. B. On the possibility of thermoelectric refrigera- 
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tion at very low temperatures. Phil. Mag. 4: 433- 
446, illus., Apr. 1959. 

Considered here is the problem of thermoelectric 
refrigeration at very low temperatures, in particu- 
lar for the attainment of temperatures below 1°K. 

77. MACDonNALD, D. K. C. Thermoelectricity 
at very low temperatures. Sci. 129: 943-949, figs., 
Apr. 1959, 

Considers the significance of recent experimental 
work on thermoelectricity at low temperatures. 
The author believes that Kelvin’s discovery may be 
the key today to electron transport problems. 

78. MACDONALD, D. K. C., PEARSON, W. B. 
and TEMPLETON, I. M. Thermoelectricity at low 
temperatures. Jn International Conference on Low 
Temperature Physics and Chemistry. Proceedings, 
Sth, 1957, p. 481-484, Madison, University of 
Wisconsin Press, 1958. 

A brief review of investigations undertaken by 
the authors since 1952. 

79. MANCHESTEF, HARLAND. Electricity direct 
from heat. Popular Mech., 111: 93-96, May 1959. 

The thermoelectric engine makes its debut— 
a versatile new power maker is moving in, one 
which bids fair to have a profound effect on the 
world’s technology. 

Condensation in Reader’s Dig., 75: 212-213, 
215-216, illus., Jly. 1959. 

80. Martin Co., Nuclear Division, Baltimore, 
Md. Strontium-90 programme. 2 p., Oct. 1958. 
(Rept. MND-SR-1530-1) (Mon. Prog. Rept. 1). 

Systems investigation to date indicates that the 
most reliable scheme for converting heat to elec- 
trical power would be by using a thermoelectric 
conversion system. Examination of the problems 
of radiation damage to such a system are in 
progress. Preliminary evidence indicates that there 
would be no detectable damage by gamma radia- 
tion to a direct conversion system in ten years of 
operation. A more detailed examination of this 
problem will be made. 

81. Martin Co., Nuclear Division, Baltimore, 
Md. Power from radiosotopes, by K. P. Johnson. 
18 p., 1958. (Rept. AECU-4373). 

Available from OTS. 

The relative power producing capabilities of 
several isotopes are considered and their present 
costs and availability are discussed. Their use for 
power production in the near future should be 
considered only for special applications where an 
extremely dependable source of heat coupled with 
a simple power conversion system is required. 

82. Massachusetts Institute of Technology. 
Research Laboratory for Electronics, Cambridge, 
Mass. Quarterly progress report No. 51. 123 p., 
Oct. 15, 1958. (Contract DA36-039-sc-64637). 

Thermoelectric processes and materials, p. 40. 

83. Massachusetts Institute of Technology. 
Research Laboratory of Electronics, Cambridge, 
Mass. Quarterly progress report No. 54. 201 p., 
Jly. 15, 1959. (Contract DA36—039-sc—78108). 
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Thermoelectric processes and materials: (A) 
Anisotropic thermoelectric effects, 1. Experiments 
with bismuth telluride. (B) Thermal conductivity 
studies. (C) Transport of contact materials in 
bismuth telluride. 


84. Massachusetts Institute of Technology. 
Research Laboratory of Electronics, Cambridge, 
Mass. Quarterly progress report No. 55. 170 p., 
Oct. 15, 1959. (Contract DA36—939-sc—78108). 

Thermoelectric processes and materials (aniso- 
tropic thermoelectric effects—theory, experiment; 
transport of contact materials in bismuth telluride; 
thermal conductivity studies), p. 48-50. 


85. Massachusetts Institute of Technology. 
Electronic Systems Laboratory, Cambridge, Mass. 
Theoretical and experimental research in thermo- 
electricity. 150 p., Dec. 31, 1959. (Sr-1-AFCRC- 
TN-60-125) (Contract AF19(604)-4153). 

Discusses techniques and equipment for growing 
single crystals of Bi,Te,; equipment for measuring 
parameters of thermoelectric materials; measure- 
ments; and theoretical analysis of devices. 
of Technology. 


86. Massachusetts Institute 


Research Laboratory of Electronics, Cambridge, 
Mass. Quarterly progress report No. 53, 211 p., illus., 
April 15, 1959. 

Thermoelectric processes and materials (ani- 
sotropic thermoelectric effects, theory, experi- 
ments with bismuth telluride); thermal conduc- 
tivity studies, p. 34-38 (Contract Nonr-1841(51)). 


87. Massachusetts Institute of Technology. 
Research Laboratory of Electronics, Cambridge, 
Mass. Quarterly progress report No. 56. 255 p., 
Jan. 15, 1960. (Contract DA36—039-sc—78 108). 

Thermoelectric processes and materials (mer- 
cury telluride evaluation; thermoelectric tempera- 
ture control of electronic components; transport 
of contact materials in bismuth telluride; thermal 
conductivity studies), p. 72-75. 

88. Materials for Peltier cooling. Battelle Tech. 
Rev., 8: 14, Mar. 1959. 

Relates plans at Battelle Memorial Institute for 
research to broaden science’s knowledge of 
materials and techniques required for thermo- 
electric cooling devices. Initially, the two-year 
programme is being sponsored by 16 American 
industrial firms interested in research basic to the 
use of the so-called Peltier cooling effect for refri- 
geration. 

89. Maycock, P. D. Thermoelectricity: power 
hope for tomorrow? Res. Revs. (ONR), p. 1-5, illus., 
Nov. 1958. 

Indicates thermoelectric possibilities and men- 
tions the ONR programme devoted to fundamental 
aspects of the problem. Lists locations where 
experimental and theoretical studies are being 
conducted. 

90. Mayer, E. F. Powerhouse in a capsule. 
Mach. Design, 31: 22-27, Apr. 2, 1959. 
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Briefly discusses current research on thermo- 
electric sources. Recently announced devices in- 
clude a thermoelectric generator developed by 
Horizons, Inc., for the Rome Air Development 
Centre, and SNAP-III. These thermoelectric 
generators are solid-state devices, and operate at 
relatively low temperatures compared to _ther- 
mionic converters, but at high temperatures com- 
pared to, for example, a hydrogen-oxygen fuel 
cell system. 


91. More efficient thermoelectric materials. 
Eng. Mat. & Design, 2: 481-482, Oct. 1959. 

**A discussion is presented of the thermoelectric 
properties of some materials. A brief description 
of a plasma cell is included.” (Instr. Abs. 14: 533, 
Dec. 1959). 

92. MorGutis, M. S. A new thermoelectric 
phenomenon. Elektrichestvo 9: 59-60, 1957. 

In Russian. 

A thermo-emf is set up in a homogeneous wire 
when a temperature gradient existing in it is dis- 
placed, e.g., a flame is moved along the wire. The 
emf increases with the speed of displacement and 
changes sign when the direction of displacement is 
reversed. Heavier currents are set up in thinner 
wires, which heat and cool more rapidly. 

93. Naval Ordnance Laboratory, White Oak, 
Md. Report of a trip to european laboratories and 
meetings, by R. L. Petritz. 25 p., Jly. 30, 1958. 
(BuOrd, NAVORD Rpt. 6161). 

Thermoelectric power programmes underway 
at Ecole Normale Superiere, Paris, France, are 
mentioned on p. 15. 

94. Naval Research Laboratory, Washington, 
D.C. Status report on thermoelectricity, by H. E. 
Stauss in collaboration with B. B. ROSENBAUM 
(BuShips) and P. Maycock (ONR), 127 p., 1959(?) 
(Memo Rpt. 901). 

This report, which is largely restricted to a 
description of current efforts in the United States, 
is the first of what is planned to be a quarterly 
review of the state of the art in thermoelectricity. 


Background information is given as to needs 
and possible applications; and the government and 


industry sponsored programmes are outlined. 
Three appendices are included: Appendix I, 
Thermoelectric Power Generation; Appendix II, 
State of the Theory of Thermoelectricity; and 
Appendix III, Government Contracts Dealing with 
Thermoelectric Power Generation and Peltier 
Heat Pumping. 

95. Naval Research Laboratory, Washington, 
D.C. Status report on thermoelectricity, by H. E. 
Strauss, B. B. RoseNBAUM, P. D. Maycock and 
J. C. Cooper. 52 p., figs., June 1959. (Memo Rept. 
940). 

In the second status report the material presen- 
ted consists of: (1) the power-to-weight ratios of 
several thermoelectric generators, (2) the charac- 
teristics of thermoelements cooled by radiation, 
(3) the effect of increasing temperature upon 
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efficiency, (4) materials data, and (5) changes and 
corrections in contracts. 


96. Naval Ordnance Laboratory, White Oak, 
Md. A survey of basic research in thermoelectricity, 
by W. W. Scanion. II p., June 1, 1959. (Rept. 
6663) (AD-220-241). 

The present status of research in the general 
area of thermoelectricity was surveyed for the 
purpose of evaluating the present understanding 
of the phenomena and to point out areas where 
additional knowledge is needed. Thermoelectric 
effects were considered in metals and insulators as 
well as in semiconductors. As a result of this study 
it is apparent that even in the simplest monatomic 
metals such as the alkali metals, the theory is 
unable to account qualitatively or quantitatively 
for the observed behaviour. Wide discrepancies 
are found in some of the metals which are generally 
believed to approximate closely the ideal free 
electron behaviour. 


97. Naval Research Laboratory, Washington, 
D.C. Experimental verification of thermoelectric 
theory, by DANIEL FRIEDMAN. 9p., figs., Jan. 1960. 
(Letter Rept. 5230-47). 

The design and performance of a unit which can 
be used to provide an experimental verification of 
thermoelectric theory and/or to measure the 
thermoelectric properties of materials is described. 
Using doped bismuth telluride p- and n-type 
materials (at approximately room temperature), 
the following results were obtained: The ex- 
perimentally determined values of the Peltier effect 
agreed with the theoretical values within the limits 
of experimental error. The electrical resistance of 
p- and n-type thermoelectric material were mea- 
sured by d.c. and a.c. methods and the results agree 
within the limits of experimental error. The magni- 
tude of the Seebeck and Thompson effects were 
measured. The predicted performance of the 
thermoelectric unit in the three modes of operation 
(refrigeration, heat pump, and power generation) 
showed good agreement with the experimentally 
measured performance. Some of the effects of high 
contact resistance are discussed and recom- 
mendations for additional research outlined. 


98. Naval Research Laboratory, Washington, 
D.C. Status report on thermoelectricity, by H. E. 
Strauss, B. B. RoseENBAUM, P. D. Maycock and 
J. C. Cooper. 76 p., figs., Dec. 1959. (Memo Rept. 
969). 

This, the third report in a series of quarterly 
reviews, includes discussions on thermoelectricity 
with high energy radiation; materials data 
(liquids and encapsulated solids, I1I-V compound 
semiconductors, chalcopyrite and related struc- 
tures, Westinghouse materials data); and govern- 
ment contracts dealing with thermoelectric power 
generation and Peltier heating. 

An appendix gives Russian Use of Thermo- 
electricity, a survey made by Captain N. Franken- 
berger. 
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99. Naval Research Laboratory, Washington, 
D.C. Status report on thermoelectricity, by J. W. 
DAVISON and JOSEPH PASTERNAK in collaboration 
with B. B. Ros—eNBAUM, J. C. Cooper and P. D. 
Maycock. 180 p., Mar. 1960. (Memo Rept. 1037). 

This is the fourth report in a series of quarterly 
reviews. In it progress to date, is reviewed. 
Materials development is indicated by a series of 
figures including data resulting from extensive 
investigations at Westinghouse. Materials data on 
a number of ternary compounds investigated by 
Bell Telephone Laboratories, RCA, Stanford, and 
National Carbon Research Laboratories is also 
given. 

All contracts are listed, together with a brief 
description, a report of progress and a record of 
published reports. 

Appendix I is entitled “‘Thermoelectric Refri- 
geration Studies by Whirlpool Corporation under 
Contract Nobs 77128” and was prepared by 
A. F. Phillips. 

100. New ceramic type thermoelectric materials. 
Engrs. Dig. 19: 509, Dec. 1958. 

Refers to recent announcement of new thermo- 
electric materials. 

101. New hot-cold light panel has space use. 
Missiles and Rockets. 4: 29, Oct. 27, 1958. 

The Westinghouse experimental panel combines 
two new technological advances—thermoelectric 
refrigeration and_ electro-luminiscent lighting. 


The system might be used in satellites and space 


vehicles for cooling and heating electronic 
machinery in space. 

102. New materials to convert heat to electricity. 
Westinghouse Engr. 18: 190, Nov. 1958. 

Refers to thermoelectric materials and their 
possible uses. 

103. Noon, J. H. and O’BrieEN, B. J. Sophomore 
experiment in thermoelectricity. Am. J. Phys. 26: 
373-375, figs., Sept. 1958. 

A laboratory experiment is described in which 
the temperature change caused at the junction of 
two metals is studied for both directions of current 
through the junction. It extends the usual thermo- 
couple-calibration experiment and encourages 
consideration of thermoelectric cooling as a 
possible source of refrigeration. 

104. Office of Naval Research, Washington, 
D.C. Thermoelectric converters. 18p., July, 1958. 

Report by the ONR Committee on Thermo- 
electric Power includes status of thermoelectric 
conversion in the U.S. (including brief report of 
work at various laboratories) and discussion of 
some technical questions. 


105. Organization of USSR work on thermal 
elements. Akad. Nauk. SSSR Vest. 29: 74, Aug. 
1959. 

“Attaching particular attention to the organi- 
sation of scientific research work in the develop- 
ment of thermoelements with a high efficiency, the 
Presidium of the Academy of Sciences USSR 


resolved to organise, at the Electrophysicsl Labora- 
tory of the Institute of Metallurgy imeni A. A. 
Baykov, theoretical and experimental research on 
scientific and technical problems pertaining to 
thermoelectronic conversion and to the creation 
of thermoelectric devices which operate on the 
cascade principle and have a high efficiency.” 


106. PEARSON, W. B. and TEMPLETON, I. M. 
Thermoelectricity at low temperatures. III. The 
absolute scale of thermoelectric power: a critical 
discussion of the present scale at low temperature 
and preliminary measurements towards its re- 
determination. Roy. Soc. London Proc. 231A: 
534-544, Sept. 20, 1955. 

In order to compare exactly the present theory of 
thermoelectric power in metals with the behaviour 
of the simple alkali metals, particularly sodium, at 
low temperatures, it is necessary to know the 
absolute thermoelectric power of one single con- 
ductor. In this paper the present absolute scale of 
thermoelectric force is critically discussed particu- 
larly in relation to preliminary measurements 
towards its redetermination. 


107. Peet, C. S. Semiconductors in industry. 
Batelle Tech. Rev. 5: 7-11, Feb. 1956. 

Variety and types of changes that occur in semi- 
conducting devices when ambient conditions are 
varied; table summarising semiconductors and 
data; uses in fields of detection and measurement; 
control, and energy conversion; advantages and 
disadvantages of such devices; promising new 
areas for semiconductor use. 


108. Plasmadyne Corp., Santa Ana. Calif. 
Direct electrical converters. Vol. III. Fundamental 
investigations of electrical power sources, by E. J. 
HELLUND. 76 p., Apr. 24, 1959. (Rept. E-3FR049- 
332) (AFOSR Tech. Note 59-429). (Contract 
AF49(638)—332). 

Thermoelectric devices, p. 23-28. 

109. Plasmadyne Corp., Santa Ana. Calif. 
Fusion power. Vol. VI. Fundamental investigations 
of electrical power sources, by E. J. HELLUND. 
74 p., Apr. 24, 1959. (Rept. E-6FR049-332) 
(AFOSR Tech. Note 59-427) (Contract AF49(638)- 
332). 

Electrical power from thermonuclear fusion, 
p. 43. 


110. Rand. Corp., Santa Monica, Calif. 
Utilization of a moon-rocket system for measure- 
ment of the lunar magnetic field, by E. H. VESTINE. 
24 p., table, Jly. 9, 1957. (Res. Memo. 1933) 
(Contract AF 33(038)-6413). 

A thermoelectric theory of a lunar field, p. 9. 


111. MAHMOUD. Thermoelectric energy 
conversion. Jn Army Signal Research and Develop- 
ment Laboratory. Power Sources Division. 
Proceedings, 12th Annual Battery Research and 
Development Conference, p. 116-119,  illus., 
Fort Monmouth, 1958. 
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Discusses the present state of the art in thermo- 
electric energy conversion; thermoelectric effects, 
and efficiency of thermoelectric energy conversion. 


112. Rust, A. Thermoelectricity theoretically 
and practically considered. Elec. World, 14: 52, 69, 
90, 1889. 

An illustrated series of articles discusses the 
theory of thermoelectric couples and describes 
many experimental thermocouples. thermo- 
electric generator (Magnopile) comprising 60,000 
elements generates 96 volts. 

113. SCANLON, W. W. Survey of semiconductor 
research and development. Jn Johns Hopkins 
University. Operations Research Office. Pro- 
ceedings of the Army-ORO Conference on Basic 
and Applied Research and Component Develop- 
ment, v. VII, Papers 5, 9, 16 and 27, ed. by J. B. 
GREEN, Pp. 5-12, Bethesda Md... Sept. 1959, 
(ORO-SP-68). 

Mentions, briefly, the useful military objectives 
of thermoelectric generators. 


114. Scuutze, A. Choice 
metallic materials for thermoelements. 
technik 3: 65-70, Mar. 1949. 

In German. 

Materials are described for thermoelements 
suitable for average (0-600°), high (1000-1200°), 
temperatures, and also for particular 
objectives such as the measurement of feeble 
alternating currents and radiation. Problems 
arising out of the use of friable substances and 
from combinations of thermoelements are dis- 
cussed, and the present position at the highest 
temperatures is reviewed. There are 6 diagrams, 
and a table of thermoelectric potentials for the 
materials involved. 


115. Surve, J. N. The properties, physics, and 
design of semiconductor devices. 487 p., illus., 
Princeton, N. J., D. Van Nostrand Co., 1959, 

Thermoelectric effects in semiconductors, p. 25, 
423-439, 

116. SmirH, R. A. Semiconductors. 494 p., figs., 
Cambridge, Cambridge University Press, 1959. 
Thermoelectric power, p. 170-176. Germanium 
and silicon—thermoelectric power, p. 369-372. 

Molten Ge-thermoelectric power, p. 372. 

Thermopiles and thermoelectric refrigerators, 
p. 478-479. 

117. Sominsku, M. 
electric devices. Akad. 
14-23, 1956. 

In Russian. 

Translation in Infosearch Tech. Lit. Info. Serv. 
Russian Lit. Survey SEM-2—57: 1.1-1.12, 1957. 

A review of developments in the Soviet Union. 


118. STEELE, GORDON. What makes a good 
thermoelectric material? Space/Aero, 32: 164-168, 
illus., Nov. 1959. 

Electric and thermal conductivities, thermo- 
electric power are basic parameters; simplified 


and Behavior of 
Elektro- 


and low 


S. Semiconductor thermo- 
Nauk. SSSR. Vest. 26: 


Abstracts 


figure of merit has been worked out by Soviet 
researchers; materials research underway for large 
and small junction differentials. 


119. Stm’BANs, L. S. Thermoelektricheskiye 
Yavleniya. (Thermoelectric effects). Poluprovod- 
niki v Nauke i Tekh. 1: 113-132, 1957. 

In Russian. Trans. no. 59-19482 available from 
SLA or LC. 

Topics discussed include (1) theory of thermo- 
electric effects, (2) electron entrainment by pho- 
nons, (3) procedures for measuring thermoelectric 
characteristics properties of semiconductors, and 
(4) a comparison of experimental and theoretical 
results of studies covering thermoelectric properties 
of semiconductors and semimetals. (Tech. Trans. 
3: 57, Jan. 8, 1960.) 


120. Tauc, JAN. An explanation of some ano- 
malous thermoelectric phenomena on the surface of 
transistor materials. Czechoslov. J. Phys. 3: 259, 
Sept. 1953. 

The anomalous surface layer reported by Gran- 
ville and Hogarth is considered to arise through 
deformation of the crystal lattice near the surface, 
caused by stresses during polishing. By considering 
an assembly of semiconductor with a surface layer 
of opposite conductivity type, the reversal of 
thermoemf of a point contact on warming up the 
crystal may be explained on the basis of a theory 
due to Tauc and Trousil. 


121. Tetkes, MARIA. The efficiency of thermo- 
electric generators. J. J. Appl. Phys. 18: 1116-1127, 
Dec. 1947. 

The generation of electrical energy from thermal 
energy by thermoelectric means cannot be accom- 
plished with thermocouples made of the available 
alloys generally used for temperature measure- 
ments, their efficiency being less than one per cent. 

Higher thermoelectric efficiencies can be pro- 
duced only by developing new materials which can 
attain the theoretically required high values of 
thermoelectric power, low heat conductivity, and 
low specific resistance. 

122. Thermoelectric cooling. Brit. Comm. & 
Electron. 7: 110-112, figs., Feb. 1960. 

This article gives a brief account of the theoreti- 
cal basis of thermoelectric cooling, and reviews the 
different fields of possible application as seen from 
the point of view of the General Electric Co., Ltd. 


123. Thermoelectric cooling. Eng. 208: 734-735, 
illus., Dec. 4, 1959. 

Relates that recent work in the field of semi- 
conductors has resulted in the production of 
materials that may make thermoelectric cooling 
feasible on a commercial scale. Some possibilities 
are outlined. 

124. Thermoelectric power sources. Brit. Comm. 
Electron. 5: 864, Nov. 1958. 

A satellite power-supply of semiconductor type 
is one of several unconventional power sources 
under consideration in the U.S.A. 


Abstracts 


125. N., VERGNOLLE, J. and 
DONNADILLE, B. Conversion d’ energie par effet 
Seebeck et refrigeration par effet Peltier (energy 
conversion by Seebeck effect and refrigeration by 
Peltier effect). Ann. Radioelec. 14: 275-321, figs., 
Oct. 1959. 

In French. 

In Part I the authors briefly recall the main 
general notions relative to thermoelectric pheno- 
mena. Part II deals with the general investigation, 
based on calculations of a thermoelectric couple 
considered either as an electrical generator, or as a 
refrigerator using the Peltier effect. Lastly, in 
Part Ill, dealing with engineering matters, the 
authors describe work carried out in the C.S.F. 
laboratories and give a few results on certain 
semiconductors. 


126. To heat, to cool, and to light. Eng. 188: 
16, Aug. 7, 1959. 

Descriptions and illustrations of Westinghouse 
ideas on the thermoelectric refrigerator and a wall 
panel which provides heating as well as lighting. 


127. Toward thermoelectric power. Prod. Eng. 
29: 10, June 30, 1958. 

The investigation of the semiconducting chal- 
copyrites, the copper—iron—sulfur compounds that 
are structurally related to diamond, for thermo- 
electric power applications is briefly discussed. 

128. U.S. Bureau of Mines, Washington, D.C. 
Bibliography on semiconductors for thermoelectric 
use, by E. H. ILtstey and H. Karo. 28 p., 1959. 
(Info. Circ. 7910). 

The 131 annotated references are grouped in the 
following categories: general references; Peltier 
effect; thermoelectric and thermal conductivity 
theory and related topics; experimental methods, 
materials and applications; and studies of tellurides 
and selenides. 

129. U.S. Congress, 85th, 2nd Session. Joint 
Committee on Atomic Energy. Outerspace pro- 
pulsion by nuclear energy. Hearings of the Joint 
Committees . . . January 22 and February 6, 
1958. 232 p., illus. Washington, U.S. Government 
Printing Office, 1958. 

Thermoelectric effects, p. 127. 

130. Westinghouse Electric Corp., Pittsburgh, 
Pa. Thermoelectric nuclear fuel elements, by 
F. L. Carter, et al. 67 p., Nov. 15, 1958. (Quart. 
Prog. Rpt. 1) (Contract AT(30-3)-—500). 

Thermoelectric design considerations; Prepara- 
tion of mixed-valence thermoelectric materials; 
Thermoelectric property measurements; Physical 
and chemical characteristics of thermoelectric 
materials; Irradiation of thermoelectric materials. 

131. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. 4} in. thick, 
Feb. 11, 1959. (Quart. Prog. Rpt. 1) (Contract 
Nobs-77043). 

The materials development programme is 
summarised and mention is made of two pieces of 
measuring equipment: (1) a device for measuring 
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thermal conductivity up to 1000°C, and (2) an 
instrument for carefully determining the variation 
of resistivity along a given element. 

Also included is Scientific Paper 431-FD—405-pl 
entitled InAs).,P, as a Thermoelectric Material, 
by R. Bowers, J. E. BAUERLE and A. J. CornisH, 
dated June 26, 1959. 

132. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. } in. thick, 
May 12, 1958. (Prog. Rpt. 4) (Contract Nobs- 
72361). 

Limited availability. 

Includes Materials Progress Report; Preparative 
Techniques for Mixed Valence Materials, by P. E. 
Snyder; Thermal Design by E. V. Somers; and 
A Study of Several Systems of the Type Li x 
[CoyNig-y)JU-x)’, by W. D. Johnston, R. C. 
Miller and R. Mazelsky. 

133. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. | in. thick, 
June 23, 1958. (Prog. Rpt. 5) (Contract Nobs- 
72361). 

Limited availability. 

Includes the following reports: Crystal Growth, 
by W. A. Tiller, Thermal Diffusion in Thermo- 
electric Elements, by P. Shewmon; Studies of 
Polaron Motion I. The Molecular Crystal Model, 
by T. Holstein; Measurement of Thermoelectric 
Materials Under Simulated Generator Conditions, 
by S. J. Angello and C. S. Duncan; Zinc in Metal 
Oxides, by R. J. Nadalin; and The Use of Con- 
trolled Solidification in Equilibrium Diagram 
Studies, by W. A. Tiller. 

134. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. } in. thick, 
Jly. 30, 1958. (Prog. Rpt. 6) (Contract Nobs- 
72361). 

Limited availability. 

Contents: Materials Progress Report, p. 1-6; 
Use of Classical Semiconductors in Thermoelectric 
Devices, p. 7-32; Effect of Impurity Scattering on 
the Figure of Merit, p. 33-36; Solid—Liquid Phase 
Equilibria in the Pseudo-binary System Bi,Te,— 
Bi,Se, by J. P. McHugh and W. A. Tiller. 


135. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. $ in. thick. 
Oct. 1, 1958. (Prog. Rpt. 8) (Contract Nobs- 
72361). 

Limited availability. 

Report includes (1) Scientific Paper 431FD272- 
P1, Alloy Crystal Growth, by W. A. Tiller, 17 p., 
Sept. 18, 1958. (2) Scientific Paper 431FD270-P3, 
Arc Furnace Preparation of Refractory Com- 
pounds, by H. A. Johansen, 14 p., June 11, 1958. 
(3) Research Memo 403FD211-M2, Studies of 
Polaron Motion II. The “Small” Polaron, T. 
Holstein, 29 p., Sept. 26, 1958. 

136. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. 23 p., Nov. 15, 
1958. (Prog. Rpt. 10) (Contract Nobs-72361). 

Limited availability. 
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RM431FD279-M2, Engineering Estimation of 
Thermal Efficiency in Thermoelectric Power 
Generators, by C. Zener. RM431FD279-M4(412), 
Calculation of the Efficiency of a Thermoelectric 
Device II], by B. Sherman. RR431FD275-R2, 
Analysis of Bismuth—Antimony—Tellurium—Sele- 
nium Combinations, by J. Reed. 

137. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. § in. thick. 
Nov. 15, 1958. (Prog. Rpt. 11) (Contract Nobs- 
72361). 

Limited availability. 

This report collates theoretical and experimental 
information of thermal conductivity. Thermal 
conductivity is a crucial parameter in the quest for 
high figures of merit in thermoelectric devices. 


Also includes the following papers; A Model For 
Lattice Thermal Conductivity at Low Tempera- 
tures, by Joseph Callaway (Sci. Paper 431FD280- 
Pl); An Empirical Correlation for High Tempera- 
ture Lattice Thermal Conductivity, by R. W. 
Keyes; Considerations Relating to Peltier Cooling 
at 77 K, by R. W. Keyes (Res. Memo 6-94416-3- 
M8); and Correlations Between Mobility and 
Effective Mass in Semiconductors, by R. W. Keyes 
(Sci. Paper 9-1038-P47). 

138. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. Final Report. 
} in. thick, Jan. 1, 1959. (Prog. Rpt. 12) (Contract 
Nobs-72361). 

Limited availability. 

See also entries for Cornish, A. J., Faust, J. W., 
Jr., and items 986, 987, 988. 


139. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity quarterly. | in. 
thick, May I1, 1959. (Prog. Rept. 2) (Contract 
Nobs-77043) (AD-216 781). 

The present report describes a number of 
experiments directed at determining vapor pres- 
sures of thermoelectric materials. In order that the 
thermoelectric parameters of all materials studied 
should be readily available in a single reference, 
this report and all succeeding reports will contain 
a complete set of data. These data are found in 
Part B. 

Also included are Scientific Paper 431-FD-410- 
P3, Computation of Efficiency of Thermoelectric 
Devices, by B. Sherman, R. R. Heikes, and R. W. 
Ure, Jr.; and Research Memo 431-FD-410-M1, 
Radiative Heat Transfer in Thermoelectric 
Materials, by T. Holstein. 


140. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity quarterly. |} in. 
thick. Aug. 13, 1959. (Prog. Rept. 3) (Contract 
Nobs-77043). 

The work of this quarter has pointed to several 
materials which have very definite possibilities for 
use in the temperature range from 1000°K to 
1500 K. Two of these are to be found among the 
rare earth sulfides, a group of materials not 
previously investigated to any great extent. 


Abstracts 


141. Wetcn, J. R. Nuclear Reactors as auxiliary 
power sources. Air Univ. Quart. Rev. 11: 146-156, 
Fall and Winter 1959. 

It is indicated that power conversion systems 
based upon the thermoelectric or thermionic 


principles are very attractive for space flight. 


142. WriGut, D. A. Compound semiconductors, 
Electron. Eng. 31: 659-665, Nov. 1959. 

The parameters which are important for thermo- 
electric applications are mentioned briefly. 

143. WriGut, D. A. Thermoelectric cooling. 
In Progress in Cryogenics, vl. 1, ed. by K. 
MENDELSSOHN, p. 33-61, New York, Academic 
Press, 1959. 

Considers the choice of a material for thermo- 
electric refrigeration. 

144. Wricut, D. A. Thermoelectric effects. 
NSIA-ARDC Conference on Molecular 
Electronics, November 13-14, 1958, Washington, 
D.C., p. 42-46, Washington, D.C. National 
Security Industrial Association, 1959. 

Discusses thermoelectric performance of semi- 
conductors in terms of the figure of merit which 
serves as a criterion for both refrigeration and 
generation; then reviews General Electric Co., 
work with bismuth telluride and other materials. 
Variation of thermoelectric properties with tem- 
perature; performance at present attainable and 
future developments are also mentioned. 

145. Wuite, W. C. Some experiments with 
Peltier effect. Elec. Eng. 70: 589-591, Jly, 1951. 

The possibility of using Peltier effect in a thermo- 
electric power generator. A couple of Bi-Sb and 
a Bi-Sn alloy was used with a cooling effect of 
10°C. Efficiency was low. Conclusion was that 
there was no chance of developing any sort of 
generator or refrigerator. 

146. Witson, G. W. and LINbLey, B. C. 
Thermoelectric power. An_ investigation of its 
possibilities. Parts I, II, Ill. Eng. 188: 97-99, 
Aug. 28, 129-132, figs., Sept. 4; 161-162, Sept. 11, 
1959. 


147. WINKLER, V. Characteristic data of a non- 
degenerate self-semiconductor from electrical 
measurements. Helv. Phys. Acta. 27: 192-193, 1954. 

In German. 

With appropriate theoretical assumptions, semi- 
conductors can be characterised by measurements 
of the Hall effect, thermal conductivity, and 
differential thermo-potential. 

148. ZENER, CLARENCE. New Ceramics conyert 
heat to electricity. /ron Age. 182: 125, Sept. 11, 
1958. 

Quotes statement of Dr. Clarence Zener, 
director of Westinghouse research regarding 
practical applications of recently announced new 
thermoelectric materials. 

149. ZENER, CLARENCE. Thermoelectricity. Its 
impact upon science and technology. Indus. Sci. & 
Eng. 5: 26-30, figs., Oct. 1958. 
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A general article giving background information, 
reasons for resurgence of interest in thermo- 
electricity and possible future applications. 

150. ZENER, CLARENCE. 
version. Jn Electro-Optical Systems, 


Thermoelectric con- 
Inc. Pro- 


ceedings of a Seminar on Advanced Energy Sources 
and Conversion Techniques, Pasadena, California, 


3-7 November, 1958, vol. 
Pasadena, Calif., 1958. (Contract 
SC 78064) (AD 209301) (PB 151461). 

Answers two questions—how efficient will 
thermoelectric power generators become, and 
what will be the weight per kW capacity of these 
generators ? 


1, p. 95-98, figs., 
DA-36-039 


PHYSICAL THEORY 


151. ABeLES, F. Resistivity and thermoelectric 
power of metals containing grain boundaries. 
J. Phys. et Radium 16: 345-355, Jly. 1955. 

In French. 

Estimates of the resistance and thermoelectric 
power increase in metals due to the plastic de- 
formation which occurs at grain boundaries, and of 
the analogous problem of the resistivity and 
thermoelectric power of alloys of monovalent 
metals. 

152. Annual review of physical chemistry, v. 10, 
ed. by H. Eyrinc, C. J. CHRISTENSEN and H. S. 
JOHNSTON. 537 p., Palo Alto, Calif. Annual 
Reviews, Inc., 1959. 

Thermoelectric power is 
p.412. 

153. ATTERTON, D. V. and HouseMan, D. H. 
The intermediate metal thermocouple in metal 
mould interface temperature measurements. Brit. 
Foundryman. 51: 77-82, Feb. 1958. 

The development of a method of using the 
molten metal to form the junction between dis- 
similar metals is described and 280-Ib steel castings 
were examined by the technique. Calibration 
showed errors due to contamination to be negli- 
gible and initial freezing and subsequent remelting 
of the metal initially entering the mould was 
demonstrated. Comparisons with sheathed couples 
were made. 


briefly mentioned, 


154. AUBERTIN, F. and Crussarp, C. Thermo- 
electric force. Accurate methods of applications to 
the study of heterogeneity of alloys structures. 
Met. Ital. 44: 548-549, Nov. 1952. 

In French. 

Describes methods and gives data obtained on 
Al alloys and mild steels. Data are tabulated and 
charted. 


155. AVAK’YANTS, G. M. On the theory of 
equations of transfer in strong electric fields. 
I. Zhurn. Eksp. i Teor. Fiz. 26: 562-575, 1954. 

In Russian. Trans. no. 59-18679 available from 
SLA or LC. 

The transfer of heat and electricity in semi- 
conductors is investigated for the conditions when 
electron (“hole”) gas of the semiconductor is 
considerably heated in an electric field, associated 
with the passing of current through the semi- 
conductor. Since basic equations and the formula 
derived therefrom for thermoelectric and galvano- 
magnetic effects are omitted from the present 
translation, access to the Russian text is necessary. 

(Tech. Trans. 2: 828, Dec. 4, 1959). 

156. AvAK’YANTs, G. M. On the theory of 
equations of transfer in strong electric fields. I. 
Zhurn. Eksp. i Teor. Fiz. 26: 668-679, 1954. 

Trans. no. 59-18680 available from SLA or LC. 

The coefficients in formulas (which are omitted 
in the translation) describing phenomena of heat 
and electricity transfer in semiconductors in the 
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case of intensive heating of electron (hole) gas 
are shown to be functions of current density j and 
charge carriers concentration N. All coefficients 
are shown to be even functions of j, and only three 
powers of current are met with: j°, j2, and j*. They 
are also shown to be even functions relative to N 
if we ignore the dependence of N in terms con- 
taining expressions of the type (j/jT) (x”, InN). 
With this only three powers of concentration are 
met with; N°, N!, and N*. The power of the cur- 
rent j or concentration N, occurring in formulas 
for the coefficients listed above, does not depend 
on the power of the impulse n in the formula for 
the dependence of the length of free path on 
impulse: 1--1,p". (Tech. Trans. 2: 828, Dec. 4, 
1959). 


157. AzBEL’, M. I., KAGANov, M. I. and 
Lirsuits, I. M. Thermal conductivity and thermo- 
electric phenomena in metals in a magnetic field. 
Zhurn. Eksp. u. Teor. Fiz. 32: 1188-1192, 1957. 

In Russian. Translation in Soviet Phys. JETP. 
5: 967-970, 1957. 

Asymptotic expressions for the tensors of the 
thermal conductivity and Thomson coefficients in a 
strong magnetic field were found. No special 
assumptions regarding the dispersion law or the 
collision integral were made in the deduction. 


158. AZUMA, K. and KAMETANI, H. Generation 
of emf during melting and freezing of ionic crystal- 
line substances. Phys. Soc. Japan. J. 12: 313-314, 
Mar. 1957. 

The apparatus used in the studies is illustrated 
and the methodology described. Maximum emf 
obtained for KC1 and similar substances are listed. 


159. BALper, T. C. Influence of the Peltier effect 
in resistance welding. Philips Tech. Rev. 20: 188-192, 
Feb. 1959. 

Examines the connection between Peltier heat 
and the behaviour of a thermocouple made from 
contacting metals in order to be in a position to 
predict whether in a given case the Peltier effect 
may be expected to influence a weld significantly 
or not. 


160. BERGERON, C. J., JR., GRENIER, C. G. and 
ReyYNoLps, J. M. Oscillations in the Ettingshausen- 
Nernst and thermoelectric effects in zinc at low 
temperatures. Am. Phys. Soc. Bull. 4: 5—6, Jan. 
28, 1959. 

Abstract of paper. 

‘“‘Measurements in a zinc single crystal of the 
Ettingshausen-Nernst effect and the thermo- 
electric effect show de Haas van Alphen type 
oscillations. The period of these oscillations in 
1/H is the same as that of the Hall effect and 
magnetoresistance. Since neither of these effects 
possess 2 monotonic component they lend them- 
selves very easily to harmonic analysis.’”-—Entire 
item quoted. 
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161. BERGERON, C. J., Jk. Thermo- and galvano- 
magnetic potentials in a single crystal of zine at 
liquid helium temperatures. PhD Thesis, Louisiana 
State University, 1959. 

“All experiments were performed with a 
constant electrical or heat current; the magnetic 
field varied at a constant rate from 1 to 11 K. G. 
The transverse and longitudinal (parallel to the 
current components of the p tensor were the 
galvanomagnetic quantities studied. These are 
associated with the Hall effect and magneto- 
resistance respectively. In the thermal case, the 
measured effects were the thermoelectric voltage 
and the transverse Ettingshausen-Nernst potential 
for a constant heat current. Oscillations as a func- 
tion of magnetic field strength were observed in all 
of these potentials. The measured period for the 
transverse oscillations as a function of 1/H was 
6°2 x 1-0-° gauss“! +0°5°,. Both transverse effects 
possessed strong second harmonic oscillations. 
The oscillations in the longitudinal effects both ex- 
hibited a phase inversion in the neighbourhood of 
4-2 K.G., the same field region for which the gross 
Hall field changed sign from a plus to a minus 
value. In this same field region the period of the 
oscillations for the longitudinal effects was half 
that of its low and high field values, i.e., the period 
of the second harmonic. If we modify Zil’berman’s 
theory by inserting Grimsal’s and Levinger’s 
expression for an oscillatory number of effective 
carriers into Zil’berman’s solution of the electrical 
conductivity tensor, we can offer some empirical 
correlations between the reversal of sign of the 
Hall effect and: (1) the phase reversal of the 
magnetoresistance oscillations, (2) the strong 
second harmonic content of these oscillations in 
the region of the phase reversal, and (3) the 
quadratic shape of the envelope to the magneto- 
resistance oscillations in this region. 

Zilberman’s theory implicitly assumes the 
Weidemann—Franz law. However, Azbel ef al. has 
shown that for the strong magnetic fields and low 
temperatures for which Zil’berman’s theory applies 
the Weidemann-Franz law is indeed valid. If we 
assume that the difference of the absolute thermo- 
electric power and the temperature derivative of 
the chemical potential is negligible we arrive at an 
empirical explanation of the phase reversal of the 
oscillations in the longitudinal thermal potential 
and the presence of the large second harmonic 
in the neighbourhood of the phase reversal.” 
Dissertation Abs. 20: 1054, 1959. 


162. BERMAN, R. Some experiments on thermal 
contact at low temperatures. J. Appl. Phys. 27: 
318-323, Apr. 1956. 

An apparatus for studying heat contact at low 
temperatures is described. Measurements of heat 
transfer between various surfaces in vacuo have 


been made. The thermal conductance is inde- 
pdent of the area of the surfaces and is nearly 
proportional to the force between them, up to 
forces of about 200 lb. At helium temperatures the 


conductance between all types of surfaces ex- 
amined in proportional to T*, but the temperature 
dependence is small at nitrogen temperatures. 
For metal contacts the electrical conductance is 
extremely sensitive to the previous history of the 
surfaces, but the heat conductance is little de- 
pendent on this. The thermal conductance is 
always much greater than corresponds to the 
electrical conductance according to the 
Wiedemann—Franz—Lorenz law and _ this fact, 
together with the differing behaviour of the two 
conductances under charging loads, suggests that 
nearly all the heat flow takes place through 
electrically non-conducting parts of the surface. 
The main results are collected together in a table. 


163. Beskrovnyi, A. K. The thermoelectric 
nonuniformity of aluminium during plastic deforma- 
tion. Kharkov. Politekh. Inst. Trudy. 9: 155-156, 
1957. 

In Russian. 

“Thermoelectric non-uniformity during the 
plastic deformation of Al was studied and the 
thermoelectric characteristics measured at various 
degrees of deformation (D). It was shown that 
resulting from plastic D there are areas which 
possess equivalent properties to the original metal. 
Arising from the fact that the escape energy of 
electrons from extended metal is less, but from 
compressed metal more, it is concluded that when 
Al is deformed plastically, there are areas of both 
extension and compression. As the degree of D 
increases, the number of areas with different 
contact potentials increases. It is suggested that the 
areas of compressed material, which are energeti- 
cally more stable than the extended areas, form 
recrystallization centres for the formation of new 
grains.” Abs. J. Metall. Nors. 10, 11, 12: 193, 1957. 


164. BieRwirkTH, G. Thermoelektrische bestim- 
mung des siliziums in gusseisen. (Thermoelectric 
analysis of silicon in cast iron). Giesserei 45: 546— 
549, Sept. 11, 1958. 

In German. 

Experimental results are reported and literature 
is quoted, to demonstrate that, if only certain 
experimental conditions are maintained, the 
gravimetric determination of Si in cast iron can be 
replaced by a thermoelectric method. Time is 
saved; no chemicals are required; a degree of 
accuracy of +0-04°, Si is achieved. 


165. Burt, M. D. Thermoelectric effects in 
copper-gold alloys. Phys. Rev. 117: 134-138, figs., 
Jan. 1, 1960. 

Measurements of the resistivity and thermo- 
electric power of the binary alloy CuAu and of 
CuAu alloys containing dilute amounts of Ni are 
analyzed using the thermoelectric power formula 
of Mott. At the transition temperature, anomalies 
in the thermoelectric power are observed. The 
scattering cross section and its derivative with 
respect to energy for Ni in CuAu are determined. 
The results are similar in value to these same 
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parameters measured for dilute amounts of Ni in 
Cu. 

166. Borevius, G., KEESomM, W. H. and JOHANS- 
SON, C. H. Measurement of the thermoelectric 
Thomson effect at the temperatures of liquid 
hydrogen. Ned. Akad. Wetens. Proc. 31: 1046-1058, 
1928. 

In English. 

*“Measurements down to 20° abs. were made on 
2 wires, Cu and Ag alloyed with a litthe Au, and 
down to 70° on pure Cu wire. The method was 
largely that of Borelius (Ann-Physk 65: 520, 1921), 
the ends of the wire being at constant temperature, 
and the temperature of the centre being varied by 
means of an electric current through it. 


167. Borisov, B. I. Temperatura i vibratsii pri 
rezanii metalloy. (Temperature and vibrations in 
metal machining). Vest. Mashinostroenya 37: 
40-42, Sept. 1957. 

In Russian. 

Describes a simple thermoelectric method for 
investigation of vibrations originating during 
metal machining, and derives a relation between 
temperature of tool cutting edge and vibration. 
Using this formula, the vibration can be calculated 
on the basis of temperature changes and vice versa. 
Changes of thermoelectric power at various 


conditions of vibration are recorded by means of a 
magnetoelectric oscillograph. 


168. BOUCHARD, J. Effect of reversible and 
irreversible changes of magnetization on the thermo- 
electric power of ferromagnetics. Acad. Sci. Paris. 
Compt. Rend. 226: 1895-1897, June 1948. 

In French. 

Discusses variation of the thermoelectric power 

E between magnetized and unmagnetized 
specimens of a ferromagnetic, for a fixed tempera- 
ture difference as a function of H. Correspondence 
between J\E loops and hysteresis loops is noted 
and attention is drawn to distinction between 
variations of AE occurring in irreversible and 
reversible regions of magnetization. Effects of 
tension are also reported. 

169. BOUCHARD, J. Influence of magnetization 
on the thermoelectric power of magnetic materials. 
Acad. Sci. Paris. Compt. Rend. 226: 1708-1710, 
May 24, 1948. 

In French. 

Measurements of the thermoelectric power of a 
couple composed of a Cu wire and a wire of steel 
or Ni alloy were made at different temperatures, 
and showed a discontinuity at the Curie point. 
Similar measurements were. also made on a couple 
containing two wires of the same material, one 
magnetized, the other not. 

170. BRIDGMAN, P. W. General survey of certain 
results in the field of high pressure physics. Wash. 
Acad. Sci. J. 38: 145-156, May 15, 1948. 

Nobel Laureate Lecture. Improvements in 
experimental technique are described. Com- 
pressibilities and polymorphic transitions of 
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some thirty elements and simple compounds have 
been studied with pressures up to 100,000 kg/cm2. 
A few thermal conductivity measurements have 
shown no change in the Weidemann-Franz ratio 
with high pressure. The effects of high pressure on 
the thermoelectric effects are sometimes compli- 
cated. 

171. BRIDGMAN, P. W. The physics of high 
pressure. 398 p., figs., London, Bell, 1931. 

Ch. X, Effect of pressure on thermoelectric 
properties. 

172. BRIDGMAN, P. W. The transverse thermo- 
electric effect in metal crystals. Nat/. Acsd. Sci. 
Proc. 13: 46-50, Jan. 1927. 

Reports the finding of the transverse Peltier 
effect in bismuth, zinc, tin and cadmium. 


173. BRINDLEY, G. W. A thermoelectric study 
of the cold-rolling and heat-treatment of copper. 
In Report of a Conference on Strength of Solids, 
p. 95-104, London, The Physical Society, 1948. 

Discussion p. 105-106. 

Data are given for the thermo-emf, E, of cold- 
rolled and heat-treated copper strips relative to a 
Standard annealed strip for a wide range of rolling 
reductions and annealing temperatures. 


174. BRINDLEY, G. W. A thermo-electric study 
of the cold-working and annealing of copper. 
Leeds Phil. and Lit. Soc. Proc. 4: 1-12, Jly. 1941. 

This paper is concerned with two aspects of the 
thermal emf, produced in metals by cold-working. 
(1) the variation of thermal emf, with degree of 
cold-working; (2) the use of the thermal emf as an 
indicator of the state of a metal when cold-worked 
and then subjected to heat treatment. The experi- 
ments are confined to cold-rolled copper. 


175. Broom, T. and Ham, R. K. The effects of 
lattice defects on some physical properties in metals. 
In Vacancies and Other Point Defects in Metals 
and Alloys, p. 41-78, Inst. of Metals, London, 
1958. 

Theoretical and experimental work on _ the 
effects of lattice defects on stored energy, electrical 
resistivity, density, X-ray lattice parameters, 
thermoelectric properties, thermal conductivity, 
magnetic properties and nuclear magnetic reso- 
nance. 

176. BycuKkov, I. A., GurevicuH, L. E. and 
Nepiin, G. M. Thermoelectric phenomena in 
strong magnetic fields in metals possessing various 
fermi surfaces. Zhurn. Eksp. i Teor. Fiz. 37: 534-539, 
Aug. 1959. 

In Russian. Trans. in Soviet Phys. JETP 37: 
377-380, Feb. 1960. 

The asymptotic behaviour of the thermoelectric 
force. Peltier coefficients and Thomson coefficients 
for metals with closed Fermi surfaces and open 
surfaces of the “corrugated cylinder” and “space 
net” type is investigated on the basis of the quasi- 
classical theory of kinetic phenomena in metals 
located in strong magnetic fields as developed by 
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Lifshitz, Azbel, and Kaganov and Lifshitz and 
Peschansky. (BTR 9: 53a, Jan. 1960). 


177. California University. Radiation Labora- 
tory, Livermore, Calif. Use of thermal electromotive 
forces to produce magnetic field in a controlled 
thermonuclear reactor, by T. G. Norturop. 15 p., 
Dec. 1954. (Rpt. 4427). (Contract W. 7405-—eng 
48). 

The possible use of thermal emf’s to produce the 
plasma-containing magnetic field in a thermo- 
nuclear reactor is investigated. In any such 
machine the magnet producing the containing 
field will have to be protected from the neutron 
flux by a substance such as lithium with a high 
neutron capture cross section. This metal could be 
cooled by circulation through the hot junctions of 
a thermopile. A machine in which all of the 
necessary field is supplied by the kinetic energy of 
the neutrons from the D-D reactions appears to 
be large because most of the power is lost to the 
cold junctions by thermal conduction. Only 5 to 
10°, of it is accounted for by magnet dissipation. 
Two cases have been worked out: the cylindrical 
machine with minimum possible magnet volume 
and the machine with minimum outer diameter. 


178. CHANU, JAC Thermodiffusion poten- 
tials in electrolytes. Initial Thermodiffusion poten- 
tials. J. Chim. Phys. 51: 390-398, Jly./Aug. 1954. 

In French. 

An analysis based on analogy with thermo- 
electricity in metals has been made, to derive an 
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expression for the potential difference between two 
electrodes immersed in hot and cold parts of a 
solution of a univalent electrolyte without con- 
vection, and when Soret equilibrium is established. 
Measurements with Ag/AgCl half-cells in NaCl 
and KCI have revealed an almost strictly linear 
variation of A® with AT( A @®=p.d.); A®/ AT 
decreases slightly when the concentration increases, 
indicating that the mean ion transfer entropy is 
negative. Individual ion transfer entropies cannot 
be calculated from such measurements. 


Thermodynamics of 
Freiberger Forschung 


YUAN-HSI. 
slags. 


179. CHou, 
liquid blast-furnace 
15B: 18-47, 1957. 

Not examined. 

“From existing thermal and emf values, the 
activities of CaO and SiO, in liquid slags of CaO- 
SiO, and CaO-SiO,—Al.O, at 1600, were calcu- 
lated with pure solid CaO or §-crystobalite as 
standards. From the available thermal data and 
distribution values, the activity coefficient of 
MnO in blast-furnace slags was calculated for the 
temperatures 1400°, 1500°, and 1600° with pure 
solid MnO as the standard.” Chem. Abs. 51: 
12783, 1957. 


180. Conwe.t, E. M. Impurity band conduction 
in germanium and silicon. Phys. Rev. 103: 51-61, 
Jly. 1, 1956. 

Paper attempts to establish idea of impurity 
band conduction on a firmer theoretical basis for 
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Ge and Si. The question of the sign of the carriers 
in the impurity band is discussed, and it is shown 
that the sign reversal of thermoelectric power 
observed for the impurity band need not imply a 
change in sign of the effective mass. 

181. CrussarD, C. and AUBERTIN, F. Effect 
of deformation on the thermoelectric power of 
metals. Acad. Sci. Paris. Compt. Rend. 226: 75-76, 
Jan. 5, 1948. 

In French. 

Measurements were made for Cu, Al, Fe and 
Ni for elastic and plastic deformations. The results 
show that the effect is much greater for the ferro- 
magnetic metals than for Cu and Al. 

182. Crussarp, C. Thermoelectric properties of 
metals—influence of cold work and impurities. 
In Report of a Conference on Strength of Solids, 
p. 119-133, London, The Physical Society, 1948. 

“The plastic effect has been extensively studied 
for non-magnetic metals; it consists in an increase 
of the thermoelectric power. A detailed experi- 
mental survey of the different possible causes has 
been made, leading to the conclusion that only 
highly localized structure imperfections or internal 
stresses (probably dislocations) are involved in the 
phenomena. A general survey of the actions of 
impurities dissolved in a metal on its thermo- 
electric power has been made, and an empirical 
law found. These studies show that thermoelectric 
power offers a very sensitive means of detecting the 
state (dissolved or precipitated) of minute amounts 
of foreign atoms. Some applications are given.” 

(Last two paragraphs of article quoted.) 

183. Dant, O. and Srarke, E. Reordering 
processes in copper alloys on the basis of thermo- 
electric power measurements. Z. Metallk. 50: 
410-412, Jly. 1959. 

In German. 

Temperature dependence of the thermoelectric 
power of various Cu—Ni—Zn, Cu—Ni and Cu—Zn 
alloys and of Cu,Au. Results are interpreted in 
terms of ordering processes. 

184. Davipson, P. M. The theory of the Thom- 
son effect in electrical contacts. Jnst. Elec. Engrs. 
Proc. 96 (Pt. 1): 293-295, Nov. 1949. 

A general theorem is given concerning the 
influence of the Thomson effect on the location of 
the maximum temperature in an electrical contact. 
Its application to the theory of fine transfer in 
electrical contacts is discussed. 

185. Davis, G. E. A method of measuring high 
intensities at the focus of a parabolic reflector with 
large relative aperture. Opt. Soc. Am. J. 39: 541- 
543, Jly. 1949. 

A receiving cell with special stops is used to 
determine the energy distribution thermoelectri- 
cally. The sources of error with two different 
types of aperture are discussed. Errors due to heat 
radiated from the stop are minimized by using 
short exposures and by substituting a reflector for 
the stop immediately after the exposure. A suitable 
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amount and an adjusting mechanism for the cell 
are described. 

186. Dierricu, |. Benedicks effect fine- 
crystalline metal wires. Z. Physik. 129: 440-448, 
1951. 

In German. 

Considers whether a monometallic fine-crystal- 
line wire should show a Benedicks effect (thermo- 
electric potential difference between two points at 
the same temperature but with an asymmetric tem- 
perature distribution in the region between them). 
Theory and experiment (described in detail) show 
that the effect, if present, is very small. 

187. Dretricn, I. Peltier effect in monometallic 
contacts. Z. Angew. Phys. 2: 128-131, 1950. 

In German. 

It was found that an effect analogous to the 
Peltier effect is observable in a monometallic 
contact, provided an impurity film is present. The 
effect disappears at high temperatures. Theory 
and experimental data are given. 

188. Dietricn, I. 
potentials in platinum contacts. Z. 
4a: 482-486, Oct. 1949. 

In German. 

It is shown experimentally that the thermal 
potential observed when crossed Pt wires are 
unsymmetrically heated is due to a thin film of 
impurity between them. The thermal potential, 
and the thermal resistance of the unimolecular 
impurity film, were determined. The measurements 


and RUCHARDT, E. Therma 
Naturforsch. 


were in good agreement with values calculated 
from the theory of Kohler. See Ann. Phys. 38: 
542, 1940 and Naturwissenschaften 29: 164, 1941. 


189. DRUYVESTEYN, M. J. and VAN OOJWEN, 
D. J. Change of absolute thermoelectric power and 
electrical resistivity of copper by cold-working at 
liquid air and room temperature. App/. Sci. Res. 
5B: 437-441, 1956. 

Studies of 250 micron diameter wires; some were 
vacuum annealed at 550°C, cold worked by rolling 
at room temperature; others rolled in liquid air; 
subsequently both were annealed at 90°C; ther- 
moelectric force of deformed wires against un- 
deformed wires against undeformed specimen 
measured as function of hot junction temperature, 
with cold junction in liquid air, 

190. DuGpDALE, J. S. and MACDONALD, D. K. C. 
Lattice thermal conductivity. Phys. Rev. 98: 1751- 
1752, June 15, 1955. 

Consideration of the anharmonic properties of a 
linear chain suggests that the dimensionless 
quantity ayT is in general a measure of the 
anharmonicity of a lattice (a@ is the thermal ex- 
pansion coefficient and y the Griineisen para- 
meter). It is therefore proposed that the mean 
free path for lattice vibrations in an insulator 
should, in the classical temperature region, be 
approximately A,/ayT, where A, is the lattice 
spacing. Reasonably good agreement with experi- 
ment is found. 


191. Ewres, J. and BArMsy, D. S. Optical and 
electrical properties of some oxygen activated 
alkali halides. Phys. Soc. Proc. 69B: 670-678, 
June 1956. 

Phosphors showing well-resolved bands in their 
emission spectra have been made by thermal 
treatment of alkali halides in the presence of 
oxygen. The emission spectra are strikingly similar 
with quite different halides all showing a wave 
number difference of about 1000 cm=! between the 
peaks of the main components of the band system. 
The chlorides and bromides show abnormal 
thermoelectric effects. It is suggested that both the 
similarity in the emission spectra and the abnormal 
thermoelectric effects can be accounted for by the 


absorption of O.~ on active sites. 


192. FRAPPE, GERALD and LepouTRE, GERALD. 
The thermoelectric effect in electrolytic solutions. 
Ill. Solutions of potassium in liquid ammonia 
compared with the fermi-dirac electron gas. J. Chim. 
Phys. 54: 242-245, 1957. 

In French. 

The thermodynamic functions of the Fermi- 
Dirac electron gas as a function of concentration 
are calculated. A plot of the experimental thermo- 
electric coefficients vs. concentration agrees well 
with the plot of entropy vs. concentration calcu- 
ated for the Fermi-Dirac electron gas. 

193. FUNATOGAWA, Z. The change in thermal 
emf produced by magnetization of a single crystal 
of iron. Phys. Soc. Japan J, 5: 311-316, Sept./Oct. 
1950. 

Measurements were made of the thermoelectric 
power of Fe single crystals against Cu as the 
magnetization increases from remanence to satu- 
ration. A correspondence between magneto- 
striction and magneto-thermoelectricity was es- 
tablished. 

194. FUNATOGAWA, Z. On the magneto-thermo- 
electric power of iron crystal at high temperature 
Phys. Soc. Japan J. 6: 256-260, Jly./Aug. 1951. 

Previous experiments on the magnetization 
dependence of the thermoelectric power were 
extended to higher temperature. It was found that 
Ej, oo (the change between remanence and satura- 
tion along the [100] direction) decreases almost 
linearly with increasing temperature, while E,,, 
remains constant up to about 200°C and then 
decreases, both tending to zero at the Curie point. 
The relation with the temperature variation of the 
magnetostriction coefficient is shown. 

195. Gatrt, J. K. Note on the effect of impurities 
and cold work on the thermoelectric power of 
aluminium. Phil. Mag. 40: 309-314, Mar. 1949. 

Recent observations on the thermoelectric 
power of impure Al are discussed theoretically. 
Dissolved impurities produce a change in the 
thermoelectric power of pure Al which can be 
understood in terms of the electronic band structure 
of Al. When the impure Al is cold worked, the 
variation of its power with time and temperature 
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is changed. An explanation of this in terms of the 
theory of dislocations is proposed. 


196. GAyLorp, E. W., HuGuHes, W. F., Appt, 
F. C. and Lina, F. F. On the theoretical analysis 
of a dynamic thermocouple. Am. Soc. Mech. 
Engrs. Trans. 80: 307-310, 1958. 

The dynamic thermocouple in which one 
junction is formed by the rubbing together of two 
dissimilar metals is analyzed theoretically. It is 
shown that, in the case of semi-infinite rubbing 
solids with many randomly distributed contacts, 
small in area compared with the distance between 
them, the potential measured by thermocouple 
lead placed at an infinite distance away from the 
contact areas is the average of the Seebeck emf, 
corresponding to the contact temperature weighted 
by the square root of the areas. 

197. GeBaLLe, T. H. Radiation effects in semi- 
conductors: thermal conductivity and thermoelectric 
power. J. Appl. Phys. 30: 1153-1157, figs., Aug. 
1959. 

The use of thermal conduction and thermo- 
electric measurements studying radiation 
damage effects in semiconductors is discussed. The 
conclusion is reached that in the present state of 
knowledge such measurements will probably be 
more helpful in studying the kinetics of the 
formation and annealing of radiation-introduced 
defects than in characterizing the structure of such 
defects. 

198. GeLDMACcHER, R. C. On electrothermo- 
mechanical transients in cylindrical conductors 
subjected to axial electric fields. Dissertation Abs. 
20: 3678, 1960. 

Abstract of Ph.D. 
University, 1959. 

Thermoelectric and electromagnetic — effects 
were considered relative to their influence on the 
distribution of temperature and electric field within 
the conductor. 


dissertation, Northwestern 


199. GinzBurRG, V. L. Thermoelectric pheno- 
mena in superconductors. Zhurn. Eksp. i Teor. Fiz. 
14: 177-183, 1944. 

In Russian. Trans. in Soviet Phys. JETP 8: 
148-153, 1944. 

Theoretical. Superconductors with normal 
temperature gradients should show a normal 
current, iN. In isotropic conductors this is counter- 
acted by a super-conducting current i". In super- 
conducting crystals the thermal current should be 
detectable by the magnetic field produced. 


200. GoLtpRING, D. A. Determination of the 
thickness of plating by measuring the thermal emf. 
Instr. Construction p. 26-27, Jan. 1959. 

A thermoelectric method for the measurement of 
plating thickness (e.g., nickel on steel) is described. 


201. Gompay, L., Gyutal, J. and LANG, J. 
Ueber die bestimmung der konzentration und der 
beweglichkeit der ladungstraeger in gemischten halb- 
leitern. (Determination of the concentration and the 
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mobility of carriers in mixed semiconductors). 
Acta Phys. Acad. Sci. Hung. 8: 203-209, 1957. 

In German. 

A new method of determining the concentration 
and mobility of electrons by measuring the light 
conductivity, the Hall constant, the thermoelectric 
force, and the resistivity change occurring in a 
transverse magnetic field. 

202. Gore, G. Some relations of heat to voltaic 
and thermoelectric action of metals in electrolytes. 
Roy. Soc. London. Proc. 37: 251-291, 1884. 

An experiment is described in which the 
objective was to ascertain the thermoelectric 
actions of a series of metals in particular liquids; 
and to examine the relations of the thermoelectric 
to the chemicoelectric behaviour of metals in 
electrolytes, and to ordinary chemical corrosion, 
and the source of voltaic currents. 


203. GRANVILLE, J. W. and HoGartn, C. A. A 
study of thermoelectric effects at the surfaces of 
transistor materials. Phys. Soc. Proc. 64: 488-494, 
June 1, 1951. 

The surfaces of various specimens of Ge and 
PbS have been explored with a whisker contact, 
and the character of the conduction mechanism 
in relatively small regions has been examined by 
the polarity of (a) the photo-voltaic effect, (b) the 
rectification, and (c) the thermoelectric effect. 
Methods (a) and (b) give results characteristic of 
the bulk material as determined by Hall effect 
measurement whereas method (c) only gives 
results consistent with (a) and (b) for uncontami- 
nated cleaved surfaces or for surfaces which have 
been etched after polishing. For polished surfaces, 
anomalous effects are obtained and point to the 
existence of a layer on the surface of character 
different from that of the bulk semiconductor. 


204. Gross, B. Theory of the thermodielectric 
effect. Acad. Brasil Sci. Ann. 25: 175-196, 1953. 

Not examined. 

“An extended analysis of the electrical phenome- 
na at the melting or freezing interface of an ionic 
compound when the transition probabilities of the 
positive and negative ions through the boundary 
layer are unequal. The electrical conductivity of 
the solid phase is assumed negligibly small, so that 
during freezing a quasi-permanent space-charge is 
built into the solid. The boundary layer forms an 
electrical double layer. Expressions are obtained 
for the open-circuit potential (with zero initial 
bias) for a uniform rate of freezing, and for the 
short-circuit current when the freezing is suddenly 
held up, and the currents during freezing and 
melting are discussed.” Sci. Abs. 57A: 2410, 1954. 


205. GRUNEISEN, E. Ueber die bestimmung des 
metallischen waermeleitvermoegens und ueber sein 
verhaltnis zur elektrischen leitfahigkeit. (The 
determination of thermo-conductive capabilities of 
metals and their relation to electrical conductivity). 
Ann, Physik. 308: 43-47, 1900. 

In German. 
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206. GurevicH, L. E. and Nepiin, G. M. 
Thermoelectric coefficients of metals in strong 
magnetic fields and the effect of drag of electrons by 
phonons. Soviet Phys. JETP 37: 546-552, Mar. 
1960. 

Translation of Zhurn Eksp. i. 
765-776, Sept. 1959. 

The behaviour of the thermoelectric tensor in 
strong magnetic fields when the electron Larmor 
frequency is greater than the collision frequency 
is considered by the methods proposed by Lifshitz, 
Abel, and Kaganov. Drag of electrons by phonons 
is taken into account and it is shown that this 
effect significantly changes the asymptotic values 
of the tensor (for large field values) as well as its 
dependence on the direction of the magnetic field 
relative to the crystal axes (in the case of a com- 
plex topology of the Fermi surface). 

207. HEHENKAMP, THEODOR. Investigation of 
Thermoelectric wear of hard metal turning tools and 
its elimination by electrical compensation. Arch. 
Eisenhiittw. 29: 249-256, Apr. 1958. 

In German. 

Thermoelectric currents resulting from contact 
at different temperatures between tool and 


Teor. Fiz. 37: 


production part cause wear by transfer of matter. 

208. HEISENBERG, W. Thermodynamic considera- 
tion about the problem of superconductivity. Ann. 
Physik. 3: 289-296, 1948. 

In German. 

From the empirical behaviour of the specific 


heat certain conclusions are drawn about the 
electronic condensation phenomenon assumed 
to occur in the superconducting transition. The 
thermoelectric effects are discussed and _ the 
electric field calculated which must occur in the 
presence of a temperature gradient. The behaviour 
of a rotating superconductor is discussed in 
connection with the thermodynamics of the 
Meissner effect. 

209. Hitt, R. A. W. Thermal measurements on 
small transient systems. Nature 170: 29-30, Jly. 5, 
1952. 

It has been found possible to heat the wires of a 
thermocouple by the passage of a current and at 
the same time to record the temperature of the 
junction by its thermo-emf, the concomitant vol- 
tage being separated from the thermo-emf by 
using h.f. current and inductance-capacitance 
filters. The thermal constants of poor conductors 
can be measured. Apparatus as small as | cm. 
long by 0-1 cm dia. can be used, and the speed 
of measurement, ~ 100 m/sec., enables measure- 
ments at high temperatures and under transient 
conditions to be made. 

210. HoGartn, C. A. Variation of thermoelectric 
power of electronic semiconductors with vapor 
pressure. Nature 161: 60-61, Jan. 10, 1948. 

The principle of mass action is applied to 
determine the effect of varying the vapour pressure 
of one of the constituents of the substance. The 
resulting formula dE/dT= —Cr log Pyv+ const. 
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is shown to yield values of Cr in close agreement 
with experimental values derived from Cu,O, 
NiO and ZnO. 


211. HoGartu, C. A. and ANprews, J. P. 
Variation with oxygen pressure of the thermoelectric 
power of aluminium. Phi/. Mag. 40: 273-282, Mar. 
1949, 

Experiments are described which show that (a) 
over the temperature range 240—-570°C, the thermo- 
electric power of a CdO/Pt couple varies with the 
absolute temperature T, according to the equation 
dE/dT a+-b/T, the pressure of the O in the 
surrounding atmosphere remaining constant; and 
(b) at constant temperature the power is a linear 
function of the log of the O pressure. Simple theory 
predicts this form of variation but not the correct 
values of constants. The quantity b varies smoothly 
with the O pressure. 

212. H6riG, HEINRICH. Ueber den einfluss des 
druckes auf die thermoelektrische stellung des 
quecksilbers und der eutektischen kalium-natrium- 
legierung. (The effect of pressure on the thermo- 
electric position of mercury and of the eutectic 
potassium-sodium alloy). Ann. Physik. 28: 371-412, 
figs., 1909. 

In German. 

Concerns an investigation of liquid mercury 
and NaK eutectic to 1400 kg./em*® and 150°. 
Effect of pressure on both substances was found 
to be linear, and practically the same on both, 
2-37 and 2:32+-10~!°, respectively. 


213. lorre, A. F. Thermal conduction in semi- 
conductors. Nuovo Cimento 3 (Suppl. 4): 702-715, 
1956. 

The theory that the thermal conductivity is the 
sum of the conductivity caused by electrons and 
that caused by phonons, and that the electron part 
is directly related to electrical conductivity holds 
approximately for extrinsic conduction only. At 
greater values of free charge the scattering of 
phonons by the current carriers may occur. 
Additional conductivity is caused by the diffusional 
flow of electron-hole pairs, excition flow, the drag 
of phonons by pair flow, by exciton flow, and 
heat transfer caused by radiation. 


214. lorre, A. F. Thermal conductivity of semi- 
conductors. Akad. Nauk. SSSR. Izvest. 20: 65-75, 
1956. 

In Russian. Trans. No. R-943 available from 
Special Libraries Association Translation Center, 
Crerar Library, Chicago. 

Two mechanisms of thermal conductivity 
exist in semiconductors, one of heatwave character 
and an electronic mechanism; the latter is directly 
related to electrical conductivity and differs 
according to whether the lattice electrons are in the 
non-degenerate or degenerate state. The electronic 
mechanism is strongly influenced by the flow of, 
and the consequent capture of phonons by elec- 
tron-hole pairs and excitons and by radiant energy 
transfer. Best suited for thermocouples is substance 


218 Abstracts 


with highest ratio of electron mobility to thermal 
conductivity. Different mechanism leading to 
increased thermal conductivity at high temperatures 
Mixtures of silicon and 
germanium, lead selenide and lead telluride were 


observed and discussed. 


studied 
215. IyeNGAR, B. R. Y. Measurement of 

vapor pressures by the Hill-Blades thermoelectric 

technique. J. Sci. and Indus. Res. Undia), 13B: 

72 75. 1954 

work is reviewed and re- 


Selected previous 


evaluated 


216. JOHANSSON, C. H. and Linpe, J. O. 
Crystal structure, electrical resistance, thermo- 
electric power, heat conductivity, magnetic suscepti- 
bility, hardness and ‘tempering’? phenomena of the 
\uPt system in connection with the phase diagram. 
inn. Physik. 5: 762-792. 1930 
Trans No. 59 


In German 20252 available from 


SLA or L¢ 

Apams, L. H. The 

influence of pressure on the melting points of certain 

metals. Am. J. Sci. 31: 501-517, tables, June 1911. 
Table Il, p. 513 gives the observed reading of the 

ic emf at the freezing point for tin, 


217. JOHNSTON, JOHN and 


thermoelect 


lead, cadmium, and bismuth. 


218. Jones, F. L. Fundamental processes of 
electrical contact phenomena. Gr. Brit., Scientific 
Research, Radio Research Special 


1953 


and Industrial 
Rpt. 24, 66 p., 

‘A comprehensive existing 
knowledge of electrical contact phenomena and of 
the fundamental underlying 


contact types of 


critical survey of 


physical processes 
operation and failure for all 
contact. A rigorous mathematical treatment of the 
role of the Thomson effect in fine transfer and the 
location of the maximum temperature in a contact 
Research into the elimination of fine 


transfer based on investigations of the Thomson 


iS given. 


coefficient and thermal and electrical coefficients 
at all boiling point and 


studies of the properties of bimetal contacts are 


temperatures up to the 


indicated. 

219. KAGANov, M. I. and TsUKERNIK, V. M. 
Influence of thermoelectric forces on the skin effect 
in metals. Zhurn. Eksp. i Teor. Fiz. 35: 474-478, 
Aug. 1958 

In Russian 

Translation in So 
Feb. 1959. 

The surface impedance of a metal is computed 
allowing for the thermoelectric forces. 


iet Phys. JETP 35: 327-330, 


220. KAMMER, E. W. Changes in thermoelectric 
power of copper with cold work at liquid nitrogen 
temperature. Phys. Rev. 104: 265, Oct. 1, 1956. 

An illustration shows variations produced in the 
thermoelectric power of copper by plastic elonga- 
tion at liquid nitrogen temperature. 

In contrast to previous experiments the wires 
were plastically deformed at 7K and measurements 
were made at this temperature. By this means the 


annealing of defects introduced when the de- 
formation is carried out at 290 K is reduced. Two 
annealing processes which affect thermoelectric 
power in opposite senses are identified. 


221. KAMMeER, E. W. Changes in thermoelectric 
power of silver and gold with cold work at liquid 
nitrogen temperature. J. Appl. Phys. 29: 1122, 
Jy. 1958. 

In contrast to previous experiments the wires 
were plastically deformed at 7 K and measurements 
were made at this temperature. By this means the 
annealing of defects introduced when the de- 
formation is carried out at 290 K is reduced. Two 
annealing processes which affect thermoelectric 
power in opposite senses are identified. 


222. KAMMER, E. W., SALKovitz, E. I. and 
SCHINDLER, A. I. Brillouin zone studies. V. Thermo- 
electric power of dilute magnesium alloys. Phys. Rey. 
100: 1257, 1955. 

Abstract only of paper given at meeting of the 
American Physical Society, Chicago, Ill., Novem- 
ber 25-26, 1955. 

At room temperature the elements Li, Al, Ag, 
Cd, In, Sn, Tl, and Pb form terminal substitutional 
solid solutions in Mg. Salkovitz and Schindler have 
suggested that Brillouin zone overlap in these 
systems may be studied by observing various trans- 
port phenomena as a function of alloying addi- 
tions. Such a study has now been made on the 
effect of these alloying additions upon the thermo- 
electric power. It is found that a reversal in 
electrical polarity occurs at low concentrations 
for additions of the tri- or tetra-valent additions 
near the region of overlap. The ratio of thermo- 
electric power to atomic percent impurity element 
is a cyclic function of atomic number. For con- 
centrations greater than those characterised by 
initial overlap conditions these cycles are in phase 
with the valence series of the periodic table. Re- 
sistivity and Hall effect measurements on these 
alloys are compared for correlations of behaviour 
at the Brillouin zone overlap concentrations. 


223. KAmMMER, E. W., Sackovirz, E. I. and 
SCHINDLER, A. I. Brillouin zone studies. VIII. 
Thermoelectric power of dilute magnesium alloys. 
1m. Phys. Soc. Bull. 1: 257-258, June 21, 1956. 

Abstract of paper. 

Concerns thermoelectric power measurements 
at liquid nitrogen temperature on magnesium 
alloys containing silver and cadmium, the latter 
element producing no change in the valence 
electronic per atom ratio. 


224. KAMMER, E. W. and Sarkovitz, E. I. 
Studies of shock propagation, vibration and their 
instrumentation. Jn U.S. Nav. Res. Lab. Rept. 
NRL Prog. p. 30-31, fig., Jly, 1959. 

Concerns relative thermoelectric 


power of 
magnesium alloys with respect to pure magnesium 
as a function of the atomic percent of substitutional 
additions. 
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225. KAMMER, E. W. and Sackovirz, E. I. 
Studies of shock propagation, vibration and their 
instrumentation. U.S. Naval Res. Lab. Rpt. NRL 
Prog., p. 33-34, fig., Dec. 1958. 

Progress report on a programme concerning 
effects of impurities and lattice imperfections on 
thethermoelectric potentials of metals. A figure 
indicates thermoelectric power of indium sub- 
stitutional alloys as a function of valence electrons 
per atom. 


226. KAMMER, E. W. and Sarkovitz, E. I. 
Studies of shock propagation, vibration and their 
instrumentation. Jn U.S. Navy Res. Lab. Rept. 
NRL Prog. p. 38-39, Aug. 1959. 

Concerns relative thermoelectric 
indium binary alloys with tin and lead susbtitutions 
at 


227. KAMMER, E. W. and SCHINDLER, A. I. 
Studies of shock propagation, vibration, and their 
instrumentation. U.S. Nav. Res. Lab. Rpt. NRI 
Prog., p. 24, Feb. 1959. 

Concerns that part of a programme for deve- 
loping instrumentation to be used in the measure- 
ment of shock and vibration which includes effects 
of impurities and lattice imperfections on the 
thermoelectric potentials of metals. 

A figure shows the absolute thermoelectric power 
of palladium saturated with hydrogen as a function 
of temperature. Superimposed upon this figure, for 
comparison, is the resistivity curve. It is seen that a 


marked change occurs in the thermoelectric power 
curve for the temperature range including the 
resistivity maximum. 


228. KAMMERER, C. On the graphical deter- 
mination of thermoelectric effects and relations. 
Elektrotech. u. Maschinenbau. 66: 349-352, Dec. 
1949, 

In German. 

The nature of thermoelectric effects in metal 
metal couples is discussed, with reference to the 
magnitudes of thermoelectric powers of several 
metals against Pb, the values of Thomson co- 
efficients, and of Peltier heats. The recent ideas on 
thermoelectricity based on the concept of entropy 
flow are developed and the results used to con- 
struct a thermoelectric diagram for several metals 
from which the thermoelectric properties for any 
couple may be calculated. 


229. KapusTinsku, A. F. Electronegativity of 
metals and certain properties of metallic solutions. 
In the Physical Chemistry of Metallic Solutions 
and Intermetallic Compounds. Proceedings of a 
Symposium held at the National Physical Labora- 
tory on 4th, Sth and 6th June 1958, volume 1, 
2J, p. 2-5, London, H.M. Stationery Office, 1959. 
(National Physical Laboratory Symposium no. 9) 

A brief account is given of the connection 
between the Volta potentials, the photoelectric 
and thermoelectric effects respectively of pure 
metals, and their electronegativities. 


power of 
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230. Keesom, W. H. and Martruus, C. J. 
Thermoelectromotive forces of a superconductor 
against the same metal in the non-superconductive 
state, Physica 5: 437-448, figs., May 1938. 

In connection with the fact that the thermo- 
electromotive forces in a thermocouple consisting 
of a superconductor A and another metal B, 
are affected by a magnetic field, we have examined 
whether there is a thermoelectromotive force in a 
thermocouple in which the metal B has been re- 
placed by the same metal A but with super- 
conductivity disturbed by a magnetic field. 
Experiments were made on tin and on indium. 
For both metals a thermoelectromotive force as 
mentioned was found. For indium the agreement 
with the results of the earlier experiment is good. 
For tin such a comparison could not be made for 
want of experimental data. The results of the 
present experiment were further compared with 
the formula for the thermoelectromotive force for 
this case given by Kok, and on broad lines agree- 
ment was found. 


231. KeesomM, W. H. and MartTuHus, C. J. 
Thermoelectromotive forces of some superconduc- 
tors in the neighborhood of their transition points: 
the influence of a magnetic field. Physica, 5: 1-16, 
figs., Jan. 1938. 

Thermoelectromotive forces of lead against a 
silver alloy-normal and against tin, and of indium 
against lead were measured at temperatures ob- 
tainable with liquid helium and with liquid hydro- 
gen. The influence of a magnetic field was ex- 
amined. The thermoelectromotive force between 
two super conductors is zero, also when a magnetic 
field, smaller than the threshold values for the two 
metals, is applied. The curve E (thermoelectro- 
motive force) versus T for temperatures above the 
transition point of one of the two metals is shifted 
by the application of a magnetic field, in connec- 
tion with the shifting the transition point under- 
goes. The curve E (thermoelectric power) versus T 
is continuous at the transition point as well in a 
magnetic field as when no magnetic field is applied ; 
de/dT, however, is discontinuous in both cases. 
In a region of about one to two degrees above the 
transition point, either in a magnetic field or not, 
E varies with the (longitudinal) magnetic field. 


232. KeLvin, W. T. On the effects of mechanical 
strain on the thermoelectric qualities of metals. 
In his Mathematical and Physical Papers, v. I, 
p. 173-174, Cambridge, University Press, 1884. 

Brief description of experimental investigation 
of thermoelectric effects of mechanical strains. 


233. Kectvin, W. T. On the electro-dynamic 
qualities of metals. [The Bakerian Lecture]. Jn his 
Mathematical and Physical Papers, v. Il, p. 189- 
395, Cambridge, University Press, 1884. 

There is a section on thermoelectric inversions 
including theoretical inferences regarding electrical 
convections of heat, from facts of thermoelectric 
inversions. 
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Part II is entitled Effects of Mechanical Strain 
and of Magnetisation on the Thermoelectric 
Qualities of Metals. 


234. W. T. On the thermoelectric 
position of aluminium. In his Mathematical and 
Physica! Papers, v. II, p. 181, Cambridge University 
Press, 1884. 

Brief report of investigation of thermoelectric 
properties of aluminium. 


235. Kikucut, M. and Onisut, T. A_ thermo- 
electric study of the electrical forming of ger- 
manium rectifiers. J. Appl. Phys. 24: 162-166, 
Feb. 1953. 

Experimental methods described by Granville 
and Hogarth were applied. Remarkable improve- 
ments in the I/V characteristics were obtained by 
applying appropriate alternating forming voltages. 
Using n-type crystals, the thermoelectric current 
observed on the etched surface was converted by 
the forming from n-type to p-type. The dependence 
of the thermo-emf on the contact pressure is greatly 
increased by the forming. The results indicate that 
a substance with relatively high resistivity and 
p-type thermo-emf is formed between the point 
contact and the Ge surface. 


236. KOHLER, MAx. The relation between the 
isothermal and adiabatic Ettingshausen-Nernst co- 
efficient. Z. Physik. 118: 312-316, 1941. 

In German, 

When heat flows through a transversely mag- 
netised metal plate, a transverse electric p.d. is set 
up corresponding to the Ettingshausen-Nernst 
effect. N. H. Frank deduced that the adiabatic 
Ettingshausen—Nernst constant=2 x _ isothermal 
constant, which is not in accord with the ex- 
perimental evidence. The author, by considering 
the thermoelectric field strength at the connecting 
wires in the adiabatic cases, finds the adiabatic 
constant — isothermal constant, provided the plate 
and connecting wires are of similar material and 
the thermal forces between magnetised and non- 
magnetised metal are small. 


KOHLER, Max. The suppression of the 
thermoelectric effect at very low temperatures. 
Braunschw. Wiss. Ges. Abh, 3: 49-54, 1951. 

In German. 

The thermoelectric phenomena of electronic 
conductors are considered using only the 3 princi- 
pal laws of thermodynamics. 


237. 


238. Kopets, Z. Effective mass of electrons and 
holes in germanium. Zhurn. Tekh. Fiz. 26: 2451 
2458, Nov. 1956. 

In Russian. 

The effective mass is calculated from experi- 
mental data on the thermo-emf a, Hall constant, 
and electrical conductivity, for the case when a 
increases with temperature. At a temperature of 
125 K and electron concentration of 2:7 x 107! 
the effective electron mass of the hole is 0:23 ata 
hole concentration of 1-3 x 1017, Results of effec- 
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tive electron and hole mass calculations are tabu- 
lated for concentrations of 2-7 x 10'°-6°6 x 10%? 
and 1-3 x 10'7-5-5 x 10'*, respectively, at tempera- 
tures between 125 and 250 K 

239. KorzH, P. D. Opredelenie zheleza_ 
bimetallcheskikh (med’-stal) slitkakh i provoloke 
termoelektricheskim metodom. (Determination of 
iron in bimetallic (copper-steel) bars and rods by 
the thermoelectric method). Zavodskaya Lab. 22: 
1076-1078, Sept. 1956. 

In Russian. 

Thermoelectric determination of Fe contami- 
nation in the Cu in bimetallic Cu-—steel bars. 


Dependence of the thermoelectromotive force on 
temperature and concentration of Fe in the alloy. 


240. Korzu, P. D. and ErsHova, A. P. Termo- 
elektricheskii metod opredeleniia ugleroda vy stali 
po khodu plavki. (Thermoelectric method for 
determining the carbon in steel in the course of 
smelting). Zavodskaya Lab. 24: 41-43, 1958. 

In Russian. Henry Brutcher translation no. 4265, 

Samples of rimming steel were taken every 
101-5 minutes from the open=hearth furnace. 
Analysis was based on the fact that C is the only 
element that does not change quantitatively in the 
course of smelting. 

241. Kunrt, F. and Maaz, K. Hall voltage 
generators. U.S. Patent 2,855,549, filed Sept. 10, 
1956, issued Oct. 7, 1958. 

A Hall voltage generator which can operate in a 
magnetic field in an area where a high temperature 
gradient exists without having thermoelectric 
voltages interfere with the Hall output is described. 
Compensation for the thermoelectric voltages is 
achieved by using as the Hall electrode which is 
immediately adjacent to the generator the same 
semiconducting material as in the generator. 
(Semiconductor Electron 2: 3222, Jan. 1959). 

242. KuNIN, N. F. Change of thermo-emf of 
metals under plastic deformation. Fiz. Metal. i 
Metalloved. 2: 237-243, 1956. 

In Russian. 

“When a metal undergoes plastic deformation 
(D), a thermo-emf is generated because of the 
change in the thermoelectric properties of the 
metal. 

243. Kunin, N. F. and IAKoviev, M. A. Eli- 
mination of induced thermo-emf in copper. Fiz. 
Metal. i. Metalloved. 2: 418-422, 1956. 

In Russian. Not examined. 

The elimination of induced thermo-emf’s in 
copper after differing degrees of preliminary de- 
formation (plastic torsion) and annealing at 
different temperatures has been studied. As the 
annealing temperature decreases the stability of the 
emf increases considerably. During annealing, 
the emf decreases a gradually decreasing rate, 
towards a constant value which decreases with 
increase in the deformation. It is suggested that the 
initial deformation determines the course of 
recovery. 
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244. KuNIN, N. F. and MELAMeD, I. Z. Meas- 
urement of thermal emf of metals of the copper 
sub-group under the influence of plastic deformation 
at various temperatures. Fiz. Metall. i Metalloved. 
2: 423-427, 1956. 

In Russian. Not examined. 

Cu, Ag and Au under 40—50°% deformation at 
various temperatures have induced thermal emf 
proportional to the magnitude of the relative 
deformation. Other conditions being equal, 
thermal emf diminishes with increasing tempera- 
ture. 

245. Lear, Boris. Phenomenoligical theory of 
transport processes in fluids. Phys. Rev. 70: 748-758, 
1946. 


246. MADELUNG, OTFRIED. Thermoelektrische 
und thermomagnetische effekte in halbleitern. 
(Thermoelectric and thermomagnetic effects in 
semiconductors). Jn International Colloquium 
on Semiconductors & Phosphors, 1956, Proceed- 
ings, p. 178-183, New York, Interscience Pub- 
lishers, 1958. 

In German. 

General discussion of the origin of isothermal 
and non-isothermal effects in impurity and intrinsic 
semiconductors. 

247. MARGOLIN, J. M. Thermoelectric investi- 
gation of some processes occurring in alloys. I. 
Zhurn. Tekh. Fiz. 18: 61-70, Jan. 1948. 

In Russian. 


The changes of the thermo-emf were investi- 
gated for various carbon-steels and alloy steels 


after varied heat treatments, annealing and 
tempering. Some erroneous conclusions about the 
hysteresis of the thermo-emf drawn by Bakh- 
metiov (1897) were refuted. Relations between 
hysteresis and the thermal transformations are 
plotted for the individual materials investigated. 
The complex nature of the processes taking place, 
e.g., during the cooling down of a particular steel 
from 720° to 120°C, is well brought out by the 
graph of the emf. Numerical differentiation of the 
original curves enables accurate values of the 
singular points of these processes to be found, 
which may then be reproduced by automatic 
recording of the emf, this being only one example 
of the usefulness of the method. 


248. Markov, B. F. The electromotive forces of 
thermocircuits with molten salts. Akad. Nauk. 
SSSR. Dok. 108: 115-117, 1956. 

In Russian. 

These were measured for molten silver halides 
by themselves as well as mixed with those of alkali 
metals. The sequence of emf’s reverses that of 
solid salts, i.e., it decreases from Agl to AgBr to 
AgCl. Following Wagner the heterogeneous 
effect is estimated thermodynamically. For this it 
suffices to determine the entropy of silver and the 
molten silver halides at the experimental tempera- 
ture. The homogeneous effect decreases similarly 
to the solid case, from AgCl to AgBr to Agl; the 


absolute temperature coefficients decrease in the 
same sequence. 


249. MEIXNER, J. Electrical properties of solids. 
VII. Galvanomagnetic, thermoelectric effects. AT 
Rev. German. Sci. 1939-1946, (Office Military 
Gov't. German) “Physics of Solids II,” p. 131-142, 
1948. 

In German. 

A generalized thermodynamic theory for all the 
effects, due to Meixner, is outlined. Other theo- 
retical work includes the dependence of thermo- 
electric power on the orientation of the specimen 
crystal, on contact emf’s between metals, and on 
the isotropic nature of the electron gas. Experi- 
mental results for the effects in various metals and 
semiconductors are quoted. The Hall effect in 
PbS and in a—Ag,S is measured and it is confirmed 
that a-Ag,S is an excess semiconductor. 


250. Mayer, H. Recent developments in con- 
duction phenomen in thin metal films. Jn Inter- 
national Conference on Structure and Properties 
of Thin Films, Bolton Landing, N. Y. Proceedings, 
p. 225-252, New York, Wiley, 1959. 

Energy dependence of the mean free path and 
thermoelectric power is discussed, p. 240-243. 


251. MeLamepb, I. Z. Additivity of the thermo- 
electric effects produced by the super-position of 
deformations of the same type. /n Symposium 
Nauch. Trudy Kuibyshevsk. Indus. Inst. No. 6: 
197-200, 1956. 

In Russian. Not examined. 

“The ‘induced’ thermo-emf’s in couples con- 
sisting of the same metal, one wire being annealed, 
and the other deformed, have been measured. The 
‘induced’ thermo-emf for copper deformed at 
room temperature is proportional to the relative 
deformation. This proportionality persists for 
copper deformed between — 192 and +364C, 
and is also observed for silver and gold, deformed 
at room temperature. The emf is due to the 
accumulation of lattice distortions. For the same 
rates and temperatures the thermo-emf is additive 
with respect to the deformation. This was checked 
on copper wires 0-9 mm diameter and 200 mm 
long by twisting them to various extents and at 
different temperatures. It was found that the 
emf’s are additive only if (after preliminary defor- 
mation occurs at a lower temperature than the 
preceding, otherwise the total emf is less than that 
calculated (on the assumption of additivity). It is 
concluded that the emf of the unstrained metal at 
the time of its deformation determines the residual 
thermoelectric state of a plastically deformed 
metal.” J. Abs. Metall. Nos. 5 to 8: 182, 1957. 


252. MELAMED, I. Z. Effect of the temperatures 
of plastic deformation of copper on its mechanical 
and thermoelectric properties. Jn Symposium: 
Nauch. Trudy Kuibyshevsk Indus. No. Ma): 137- 
142, 1957. 

In Russian. Not examined. 
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“The influence was considered of the deforma- 
tion temperature on the mechanical and thermo- 


electric properties of copper.” 


MecaAmeD, I. Z. A simple theory of induced 
thermoelectric forces. Symposium: Nauch. 
Trudy Kuibyshevsk. Indus. Inst. No. 6: 191-195, 
1956. 

In Russian. Not examined. 

“Theoretical calculation is made of the thermo- 
electromotive force in a chemically homogeneous 
thermocouple, the elements of which differ only 
in the degree of preliminary deformation (physical- 


ly heterogeneous circuit).”” 


254. MEL’NIK, V. G., MEL’NIK, I. G. and 
Guttn, S. S. On p-n junction in solid point-contact 
rectifiers. Akad. Nauk. SSSR. Dok. 121: 852-854, 
May 1958. 

In Russian 

The thermo-emf and current-voltage charac- 
teristics of n-type Ge and Si point-contact rectifiers 
before and after electroforming were studied on 
experimental models in which thin metallic threads 
had been welded on to the point-contact wires. 
The threads were heated by electric current to 
500-600°C and the thermal front thus produced 
moved along the contact wires to the Ge and Si 
crystals. An inversion of sign of the thermo-emf 
observed after electroforming both in Ge and Si 
was taken to indicate passage of the thermal front 
from a region of p-type conductivity to one 
characterized by n-type conductivity, and it was 
concluded that while the rectifying action of point- 
contact diodes before electroforming is due to 
different contact potentials of the metal and semi- 
conductor, the improved rectifying characteristics 


253. 


after electroforming are due to the existence of a 


p-n junction formed as the results of the electro- 
forming treatment. 


255. Michigan State University. East Lansing 
Mich. Thermoelectric power of cold-rolled pure 
copper, by R. H. Kropscuor and F. J. BLatr. 
17 p., Mar. 1, 1959 (Interim Tech. Rept. 2) 
(Contract DA20-018—ord—16883). (AD 220 469). 

The difference between the thermoelectric 
power (TE) of severely cold-rolled and well 
annealed pure copper has been measured between 
about 8°K and 320°K. The absolute TE of an- 
nealed and cold-worked samples were determined 
over the same temperature range by measuring the 
TE of a thermocouple formed from annealed 
copper and pure lead. The TE of cold-rolled copper 
is positive relative to annealed pure copper over 
the entire temperature range, and the effect of 
cold work is largest at very low temperatures 
where the TE of annealed copper displays a 
pronounced minimum. 

256. Moreau, C. and Lepoutre, G. Thermo- 
electric effect in electrolytes. I. Thermodynamical 
investigation. J. Chim. Phys. 52: 498-S02, June 
1955. 

In French. 


A complete thermodynamical treatment, starting 
with thermostatics, of irreversible phenomena 
occurring in a system which consists of two 
identical reversible electrodes maintained at 
different temperatures and immersed in a solution 
containing several kinds of ions. Different trans- 
port values (transference numbers of the solvent, 
transported entropy and heat) are defined and 
explained. The results obtained are applied to 
express some thermoelectric phenomena (Peltier 
effect, Thomson effect). 

257. Mort, Hazome. Statistical-mechanical the- 
ory of transport in fluids. Phys. Rev. 112: 1829- 
1842, Dec. 15, 1958. 

The application of the present theory to the 
problem of thermoelectricity yields the 
expression for the static electrical conductivity as 
Kubo’s theory. 


same 


258. Mortiock, A. J. The effect of tension on the 
thermoelectric properties of metals. Austral. J. 
Phys. 6: 410-419, Dec. 1953. 

Author measured effect of elastic strain on ther- 
moelectric power of copper, gold, silver, platinum, 
palladium, nickel, aluminium, titanium, molyb- 
denum, iron, and tungsten. One leg of a single- 
wire thermocouple circuit was stressed, in various 
increments, while the junction temperature 
differences were varied from 40° to 400°C. The 
results obtained for gold are not in agreement with 
results reported by G. S. Meyer. 

259. MUKHERJEE, J. K. and CHATTERJEE, G. P. 
Some studies of recovery and oxidation charac- 
teristics of copper by thermoelectric phenomena. 
In 1954 Symposium on Non-Ferrous Metal 
Industry in India, p. 293-297, 1957. 

Authors show that changes in the thermoelectric 
properties can be used to detect changes during the 
recovery stage of cold-worked materials. 


260. MukKuHerser, J. K. and CHATTERJEE, G. P. 
Tempering of carbon steel samples by thermo- 
electromotive forces. India Inst. Metals Trans. 8: 
217-224, 1954/1955. 

The emf against constantan is reported for a 
018°, C steel wire H,O—quenched from 1000° and 
tempered at 50° or 75° for 1 to 3 hours. The 
plots of emf vs. tempering time at given tempera- 
ture show definite maximum and minimum. 


261. MULLER, Horst-Gurpo and MuTH, PETER. 
Investigation on the ‘‘k-state’’. Z. Metallk. 50: 
217-224, Apr. 1959. 

In German. 

Resistivity, differential thermoelectric voltage 
and Hall constant of Ni-Cr and Ni-Cr-Fe alloys 
measured after varying heat treatments and 
following varying degrees of cold deformation. 
A theory explaining the behaviour in the “K- 
state” is developed. 

262. Muser, H. A. Thermoelectric force measure- 
ments on illuminated lead sulphide. Z. Physik. 144: 
56-65, Jan. 17, 1956. 


Abstracts 


In German. 

Experiments indicate that the true thermo- 
electric force is not affected by illumination; 
apparent variations of thermoelectric force are 
due to photovoltaic effects. 


263. Naval Research Laboratory, Washington, 
D.C. The Friedel theory of thermoelectric power 
applied to dilute magnesium alloys, by E. I. SAL- 
KoviTz, A. I. SCHINDLER and E. W. KAMMER. 8 p., 
illus., Jly. 26, 1957. (Rept. 4968). (AD-139 581). 

Several theories of the thermoelectric power of 
alloys have been developed, all based on Mott’s 
original analysis. Of these theories, that of Friedel 
seem to best fit the data for alloys of monovalent 
metals. This theory states that AX is equal to 
—(Ep—Eo) 5 log A y/5E and is equal to aconstant. 
In its application to dilute alloys of magnesium, 
it is found to work quite well. In addition, it is 
shown that for these alloys, the parameter AX 
takes on values which depend upon the valence 
of the solute atom. A dependence upon the atomic 
number of the solute is also indicated. 


264. Naval Research Laboratory, Washington, 
D.C. Wave propagation in suspensions, by W. S. 
AMENT. 114 p., tables, Apr. 9, 1959. (Rpt. 5307). 

This report deals with theoretical methods for 
determining the effective physical properties of 
suspensions or statistical mixtures of spherical 
particles of different isotropic materials. The 
methods are shown sufficiently general to allow 
estimates of secondary physical effects such as the 
average optical rotary power, the thermoelectric 
power, and the acoustic attenuation of appropriate 
suspensions. 


265. New York Naval Shipyard. Material 
Laboratory, Brooklyn, N.Y. Applicability of 
thermoelectric comparator to the identification of 
steel plate materials. Final Technical Evaluation 
Report, by F. Bernstein. 15 p., illus., May 22, 
1957. (AD—143 589). 

An evaluation has been made of the applicability 
of instrumentation utilizing thermoelectric po- 
tentials to the identification of steel plate materials. 
A given type of plate material was found to be 
characterized by a range of thermoelectric poten- 
tials. Of the six types of plates tested, the ranges 
for four of these showed considerable overlapping 
and only Grade M plate under { in. thick was 
clearly separable from the others. It is concluded 
that the instrumentation is not suitable for general 
sorting or identification of steel plate materials, 
but may be utilized for problems where the 
number of possibilities is limited. 

266. New York University, College of Engineer- 
ing, New York, N.Y. Thermoelectric properties of 
intermetallic compounds. 2 p., Aug. 31, 1959. 
(Prog. Rept. 11). (Contract AF33~(616)3883). 
(AD-227 559). 

Determinations of various properties were 
initiated for the compounds BaSe and SnTe. 
The room temperature resistivity of BaSe was 10!° 
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ohm-cm; it decreased with increasing temperature. 
The resistivity temperature curve of BaSe had the 
same slope as that of BaTe. The Sn-Te phase 
diagram in the region near the compound SnTe 
was redetermined. The congruent melting of 
SnTe at 806-5°C was confirmed. In the pseudo- 
binary SnTe-PbTe, single crystals were grown 
with an over-all composition of stoichiometric 
SnTe, Sn.,Pb.,-Te, Sn.,Pb.;Te. The crystals 
were grown by the Bridgman technique at a 
lowering rate of 0-5 cm/hr. The room temperature 
resistivity of SnTe was 10-* ohm-cm. (TAB p. 475, 
Feb. 1, 1960). 

267. Nope, Ken and Seyer, W. F. Effect of 
torsional stress on the electrode potential of copper. 
J. Appl. Phys, 29: 1632-1634, 1958. 

Measurements of the emf of a galvanic cell with 
a stressed metal electrode and an unstressed one 
show that the emf of hard-drawn Cu electrodes 
varies within the elastic limit as the square of the 
torque and the torsional stress; Taylor and 
Quinney’s results (Roy. Soc. Proc. 143: 307, 1934), 
when converted to electrochemical units, show 
close agreement with the values obtained. Negative 
emf measurements indicate that the stressed 
electrode is more anodic than the unstressed one. 

268. Nope, Ken, MINnIATO, O. K. and Sever, 
W. F. Stress and electropotential of copper wires. 
Am. Inst. Mining Engrs. Met. Soc. Trans, 212: 
884-889, 1958. 

The emf produced by applying a tensile stress, o, 


to one of a pair of electrolytic (99-29 °%) Cu wires 


in M-NaCl and 0-1 M-CuSO, solution was 
measured under restricted-flow conditions. For 
annealed Cu within the region where Hooke’s 
law applies, emf o o?, as predicted by theory, and 
the process is reversible, while for cold-worked 
material, emf o co, and again the process is 
reversible. Where o is sufficient to cause plastic 
deformation the emf decreases, and the process is 
irreversible. The results are discussed in relation 
to thermodynamical considerations. 

269. ONSAGER, Lars. Reciprocal relations in 
irreversible processes. I. Phys. Rev. 37: 405-426, 
Feb. 15, 1931. 

Examples of coupled irreversible processes like 
the thermoelectric phenomena, the transference 
phenomena in electrolytes and heat conduction in 
an anisotropic medium are considered. 


270. OoveNn, D. J. The thermoelectric power of 
copper, silver and gold after coldworking. 126 p., 
Delft, Holland, Uitgeverig Excelsior, 1957. 

The thermoelectric power of Cu, Ag and Au 
wires which had been cold-worked by drawing at 
room temperature was measured against unde- 
formed wires of the same material from helium 
up to room temperature. The increase in resistivity 
before any recovery process had taken place was 
also measured. The change in the differential 
thermoelectric power and of the resistivity was 
then followed through the recovery process brought 
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about by slow annealing at various temperatures 
up to 100°C. The theory of the thermoelectric 
effects appropriate to the experiments is extended 
to cover the experimental conditions, and two 
independent electron scattering mechanisms are 
considered. The experimental results are most 
satisfactorily interpreted in terms of formulas due 
to Friedel. 


271. Otter, F. A., Jr., FLANDERS, P. J. and 
KLOKHOLM, E. Ferromagnetism in noble metal 
alloys containing manganese. Frank. Inst. J. 260: 
75-76, 1955. 

The thermoelectric properties of alloys of Au 
and Ag with Mn were investigated. Nonlinear 
deviations in the temperature dependence of the 
electric resistivity, characteristic of ferromagnetic 
alloys, were observed for those alloys containing 
more than 8 at. °,, Mn, magnetic measurements on 
the alloys Au+ 18-64 at. Mn, Au+13-01 at. °% 
Mn, and Ag+ 14-58 at. °, Mn showed that they 
were ferromagnetic with Curie temperatures of 
317°, 139°, and 163K, respectively. 


272. Parrott, J. E. The interaction of electrons 
and phonons in semiconductor transport phenomena. 
In Semiconductors and Phosphors, Proceedings of 
International Colloquium held in Garmish- 
Partenkirchen, 1956, p. 495-496, Brunswick, 
Vieweg, 1958. 

Not examined. 

“It is found that the application of the ‘electron- 


phonon drag’ analysis to the electrical and thermal 
conductivity of Ge does not produce such large 
effects as it does on the thermoelectric properties.” 
Sci. Abs. 62A: 10969, 1959. 


273. Pearson, W. B. The valence state of 
metallic lead. Can. J. Phys. 36: 631-632, May 1958. 

Attention is drawn to the fact that the thermo- 
electric and resistive measurements of dilute lead 
alloys, containing various solute proportions, 
indicate that a homovalent impurity in lead is an 
atom lying in Group IV, and not in Group II. 


274. Perrier, ALBERT. Thermal-electric energy 
transformations in anisotropic conduction. Helv. 
Phys. Acta. 29: 206-209, 1956. 

Possibility of direct conversion of heat into 
electrical energy is considered from ‘a new point 
of view. 


275. PFANN, W. G., BENSON, K. E. and Wer- 
Nick, J. H. Some aspects of Peltier heating at 
liquid-solid interfaces in germanium. J. Electron. 
2: 597-608, May 1957. 

Peltier heating at a liquid-solid interface has 
unique advantages in controlling crystal growth 
processes in semiconductors and certain metals. 
The heat effect is produced at the interface without 
time-lag and can be reversed by reversing the 
current. Uses in growing single crystals, in 
producing n-p-n and n-p-n-p junctions in semi- 
conductors, and in temperature gradient zone 
melting are discussed. 


Abstracts 


276. PHILIBERT, J. and Crussarp, C. Kinetics 
of the martensite transformation in a hypereutectoid 
steel. Jron & Steel Inst. J. 180: 39-48, 1955. 

The decomposition behaviour at sub-zero 
temperatures of a 1°4°4—C, 2-5°(—Cr steel 
initially quenched at 20° has been studied. There 
is no “athermal” nucleation, but rather a classical 
type of random nulceation caused by thermal 
changes. The apparently athermal nucleation of 
the martensitic transformation is explained by the 
particularly high rate of nucleation in the region 
M,—Mr. Theoretical calculations allow this high 
rate of nucleation to be allowed for satisfactorily, 
and justify the invariance of M, with the highest 
rates of cooling reached in Greninger’s experiments. 
The thermoelectric power varies linearly with the 
percentage of martensite. 


277. Picker, Amos. ‘‘Sounds’’ of atoms. 
Stanford Res. Inst. J. 4: 27-30, First Quarter 1960. 

In this article on physical acoustics, wherein 
researchers use beams of sound to probe secrets 
of atoms the statement is made that “workers in 
such frontier fields as liquid thermoelectric 
materials and pressure sensitive chemical reactions 
will find that an acoustical probe beam can supply 
basic information not easily available otherwise. 


278. Pikus, G. E. On the thermoelectric proper- 
ties of semiconductors. Zhurn. Eksp. Teor. Fiz. 21: 
852-853, 1951. 

In Russian. 

It is shown that the “Gurevich effect’ (an 
additional thermo-emf associated with temperature 
gradients) is negligible for semiconductors. 


279. Pikus, G. E. Thermo- and galvano-magnetic 
effects in semiconductors taking account of varia- 
tions in carrier concentration. I. Thermo- and 
galvano-magnetic effects in weak fields. Zhurn. 
Tekh. Fiz. 26: 22-35, 1956. 

In Russian. 

Extensive calculations taking account of re- 
combinations in the bulk and at the surface for 
some simply shaped specimens when the fields are 
so weak that the carrier concentration is only 
slightly different from its equilibrium value. The 
following effects are discussed: thermoelectric 
power, Hall effect, magneto-resistance, electrical 
resistance in a temperature gradient, the Ettings- 
hausen effect, and behaviour in oscillating fields. 


280. Pikus, G. E. Thermo- and galvano-magnetic 
effects in semiconductors taking account of varia- 
tions in carrier concentration. Il. Galvanomagnetic 
effects in strong fields. Thermal conductivity of 
electrons and excitons. Zhurn. Tekh. Fiz. 26: 36—S0, 
1956. 

In Russian. 

Continuation of Part I. Treats electrical con- 
ductivity, Hall effect, magnetoresistance, electronic 
thermal conductivity and the transport of heat by 
excitons. 


Abstracts 


281. Pomey, GILLES AND PHILIBERT, JEAN. 
Thermoelectric study of the transformations in 
iron-chromium alloys. Acad. Sci. Paris. Compt. 
Rend. 241: 977-979, 1955. 

In French. 

The measurement of the thermo-electric power 
permits following the evolution of Fe—Cr alloys in 
the neighbourhood of the equiatomic composition 
and the differentiation of the transformations; 
order—disorder and a= os. 


282. Rapcuik, A. S. Nikirorov, I. P. and 
SHTAIGER, E. V. Registration of wear, moment of 
friction and temperature during the process of wear, 
with the help of resistance-wire devices. Symposium 
Povyshenie Iznosostoikosti i Skora Sluzhby 
Mashin, Kiev and Moscow, Mashgiz, 182, 1956. 

In Russian. Not examined. 

“A method for the simultaneous registration, 
without stopping the experimental machine, of 
wear and the coefficient of friction has been 
worked out. The experiments are carried out on a 
facing type of machine. Wear is determined with 
the help of resistance-wire devices (PDS) stuck 
on to the arm taking up the bending pressure 
from the specimen (which changes with specimen 
wear), the coefficient of friction is determined with 
the help of PDS stuck on to the arm which takes 
up the pressure from the barrel with a balance arm 
carried along by frictional forces; the temperature 
at the surface contact is determined by thermo- 
electrical means.” J. Abs. Metall. Nos. 5 to 8: 
457, 1957. 


283. RICHARDS, T. L., PUGH, S. F. and STOKEs, 
H. J. The kinetics of recovery and recrystallization 
of copper from hardness and thermoelectric-power 
measurements. Acta Met. 4: 75-83, figs., Jan. 1956. 

Annealing of H.C. copper strip cold-rolled with 
reductions in thickness to 50°, and 96°, has been 
studied as a rate-process by parallel observations 
of changes in hardness and thermoelectric power. 
In accordance with earlier investigations, thermo- 
electric power is assumed to be directly related to 
residual elastic lattice strain. While the hardness 
isothermal annealing curve of strip rolled 50% 
exhibits a definite discontinuity indicative of two 
processes the thermoelectric power curve is, in 
agreement with Brindley’s earlier conclusion, 
pseudo first order. 


284. Rupnitsku, A. A. Thermoelectric method 
of studying transformations in metals and alloys. 
Zhurn. Neorgan. Khim. 1: 1305-1321, 1956. 

In Russian. 

“In order to study transformation in metals and 
alloys in the solid state using N. S. Kurnakov’s 
pyrometer the values of thermal-emf were recorded 
in relation to the temperature. 

285. SAENTz, A. W. Changes in the electrical, 
thermal, and thermoelectrical properties of mono- 


valent metals by lattice distortions. Phys. Rev. 91: 
1142-1151, Sept. 1, 1953. 
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A transport equation is derived for the distribu- 
tion of conduction electrons in monovalent metals 
with static lattice distortions, simple assumptions 
regarding interaction energy being made. Using 
an iteration method, and considering temperatures 
very much higher than the Debye temperature of 
the lattice, a set of integral equations is obtained 
and solved explicitly. General expressions are 
found for the resistivity, thermal conductivity and 
absolute thermoelectric power tensors and are 
applied to specific calculations for a metal having 
an array of parallel positive-negative edge disloca- 
tions. 

286. SALKovitz, E. I. and Kammer, E. W. 
Basic studies of the metallic state (Brillouin zone 
studies of ternary magnesium alloys). U.S. Nav. 
Res. Lab. Rept. NRL Prog. p. 38-39, figs., June 
1959. 

In earlier work it was demonstrated that the 
electron contribution of the thermoelectric power 
was a linear function of the electron concentration 
in the binary alloys studied. This behaviour was 
interpreted in terms of Brillouin Zone overlap. A 
new investigation is now reported to determine to 
what extent the model may be applied to dilute 
ternary alloys of magnesium. 

A figure shows relative thermoelectric power of 
magnesium alloys with respect to pure magnesium 
as a function of the atomic percent of substitutional 
additions. 

287. Satkovitz, E. I. E. W. 


and KAMMER, 


Thermoelectric power of magnesium ternary alloys. 
Am. Phys. Soc. Bull. 4: 412, Nov. 27, 1959. 

Abstract of paper. 

In an investigation of dilute ternary alloys of 
magnesium it was found that the thermoelectric 
power curve strongly resembles that of the MgCd 
series. 


288. SaLtkovitz, E. I., SCHINDLER, A. I. and 
KAMMER, E. W. Transport properties of dilute 
binary magnesium alloys. Phys. Rev. 105: 887-896, 
illus., Feb. 1, 1957. 

It is the main purpose of this paper to evaluate 
in terms of the overlap model extensive measure- 
ments of the resistivity, the thermal variation of 
resistivity Hall coefficient, and thermoelectric 
power for a series of dilute magnesium alloys. A 
secondary goal is to check the validity of Mattheis- 
sen’s rule and Linde’s rule for these alloys. 

289. SaLtKovitz, E. I., ScHrNpDLER, A. I. and 
KaAmMeER, E. W. Friedel theory of thermoelectric 
power applied to dilute magnesium alloys. P/iys. 
Rev. 107: 1549-1552, Sept. 15, 1957. 

Theories of the thermoelectric power of alloys 
are reviewed. Friedel’s theory applies to several 
dilute binary solid solutions of Mg, the parameter 

(e¢—E,) 5 log p/S5E) being constant 
for a given alloy up to the neighbourhood of the 
solubility limit of the alloy in question. Ax also 
depends on the valence of the solute atom and 
bears some relation to the atomic number of the 
solute. 
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290. Samoitovicu, A. G. and KLINGER, M. I. 
On the theory of semiconductors with an impurity 
band. Zhurn. Tekh. Fiz. 25: 2050-2060. 1955. 

In Russian. Trans. No. 59 
SLA or LC. 

Topics include (1) calculation of the chemical 
potential of an electron gas in a metal with a 


18645 available from 


narrow band, (2) calculation of electrical con- 
ductivity, (3) calculation of the differential 
thermo emf, (4) the chemical potential of a semi- 
conductor with a narrow impurity band, (5) the 
electrical conductivity of a semiconductor with an 
impurity band, and (6) the thermo emf of a semi- 
conductor with a narrow impurity band. 


291. SASAKI, KAzUO and NAGAURA, SHIGEO- 
Electromotive force change in the thermo cell due 
to soret effect. Chem. Soc. Japan. Bull. 31: 498-500, 
1958 

The variation of emf of thermo cells with time 
was investigated. The behaviour of dilute HCI 
solution agreed with the theoretical derivation of 
B. 


282. ScuoTTky, W. 
lems of semiconductors). 381 p., 
Verlag Friedr. Vieweg u Sohn, 1958. 

A review of this book appears in Soviet Physics 
Uspekhi 2: 628-629, Jly./Aug. 1959. There are 


several references to thermoelectricity. 


Halbleiterprobleme. (Prob- 
Braunschweig, 


293. Serrz, Freperick. The modern theory of 
698 p., New York, McGraw Hill, 


solids. figs., 
1940. 


Thermoelectric 
semiconductors, p. 191 


and the Hall effect in 


194. 


effects 


294. SHOCKLEY, WiLLiAM. Theory of transmitted 
phonon drag. /n International Conference on 
Structure and Properties of Thin Films, Bolton 
Landing, N.Y. Proceedings, p. 306-327, New 
York, Wiley, 1959. 

Application of the 


power Is discussed, p. 311 


theory to thermoelectric 
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295. SuTenseck, M. An attempt to determine an 
increase of the charge carrier temperature caused 
by an electric field in germanium. /zyest. Akad. 
Vauk. SSSR. Ser. Fiz. 20: 1560-1562, 1956. 

In Russian. 

Non-uniform c.d. distribution in a semiconduc- 
tor causes the appearance of a special type of 
thermoelectric emf, U, which was measured by 
means of probes on specially cut Ge. It can be 
calculated, that in order to raise the temperature of 
the electron gas by 1° at room temperature, an 
increase of the electric field of 4-6 V/cm. is required. 
An increase of the same order of magnitude can be 
theoretically derived. 


296. SieGeL, ERNsr. Ueber den einfluss des 
druckes auf die stellung fluessiger metalle in der 
thermoelektrischen spannungsreihe. (The effect of 
pressure on the position of liquid metals in the 
sequence of thermoelectric voltage). Ann. Physik. 
38: 588-636, 1912. 


Abstracts 


In German. 

This investigation extends the temperature range 
to 400° in order to determine the effect on liquid 
Bi and Sn, but this demanded the low-pressure 
range of only 50 kg./cm®. 

297. Skorikov, S. V., ASKENAZI, A. I. and 
DekuTtyar, M. V. Method of sorting steels based 
on signs of thermoelectric effect. Zavodskava Lah. 
11: 95-98, 1945. 

In Russian. 

Translation available 
Trans. 2767, 9 p. 

Describes development of a routine method for 
sorting of steel, based on the sign (not the magni- 
tude) of thermoelectric force. 

298. SmirH, F. G. Pyrite geo-thermometer. 
Econ. Geol. 42: 515-523, Sept. 1947. 

A relation between the thermoelectric potential 
of electronically conducting crystals and the 
temperature at which they are formed is deducted, 
certain conditions remaining similar. A device fot 
measuring the thermoelectric potential of pyrite 
against a metal and the empirical relation of the 
potential to the temperature of formation is 
described. 

299. Smir, J. The influence of elastic shear 
strains on the conductivity and thermoelectric force 

37-596, figs.. Aug. 


from Henry Brutcher, 


of cubic metals. Physica 18: 587 
Sept. 1952. 

Elastic shear strains cause a change in the shape 
of the Fermi Surface of metals. The influence that 
such a change has upon the electrical conductivity 
and the thermo-emf has been calculated fot 
monovalent f.c.c. metals, and the results of it have 
been compared with the experimental values for 
Cu, Ag and Au. The conclusion can be drawn that 
the Fermi surface of gold touches the Brillouin 
zone boundary, whereas that of copper does not, 
while silver is an intermediate case. The theoretical 
results account also qualitatively for the experi- 
mental values of the trivalent Al. 

Also in Philips Gloeilanepenfabrieken. 
2060, 10 p. 

300. SMoLUCHOWSK, R. Statistical theory of 
properties of solid solutions. P/iys. Rev. 84: S511 
518, Nov. 1, 1951. 

Properties of binary solid solutions are con- 
sidered from the point of view of the fluctuation of 
local composition in the crystalline lattice. These 
variations influence the properties of the alloys 
by varying the corresponding local concentration 
of electrons. A simple general statistical method is 
given for calculating properties of random and 
ordered solid solutions. The theory is applied to 
saturation magnetization, temperature coefficient 
of electrical resistivity, thermoelectric power, 
and other properties of various alloys. 


Paper 


301. Socuarn, I. I. and Becker, J. H. Measure- 
ment of thermal diffusivity in semiconductors: 
InSb and Mg,Sn. Am. Phys. Soc. Bull. 4: 134, 
Mar. 30, 1959. 


Abstracts 


Abstract only. 

“Accurate measurements of thermal diffusivity 
k in metals have been made from analysis of 
temperature waves due to periodically heating 
one end of an effectively semi-infinite rod. Gen- 
erally low-frequency heat pulses (f~ 1/100 cps) 
and large samples (~ 25 cm long) are employed. 
In contrast, with smaller semiconductor samples 
(~0-5 x 1 x 10 mm) we use higher frequency heat 
pulses (f~ 10-1000 cps) obtained by chopping 
light which is strongly absorbed at a large area 
surface of the specimen; temperature waves are 
deduced from thermoelectric power, Nernst, or 
bolometric steady-state voltages produced by the 
sample. Sandblasting reduces undesired photo- 
signals. To calculate k from the bolometric and 
Nernst effects the ambipolar diffusion constant is 
required with thermoelectric power voltages Vk 
is obtained from the slope of log V (f) 1/2 vs. (f) 1/2. 
Results on intrinsic samples at 300 and 400 K 
calculations from known thermal 
however, for InSb and anomalous 


agree with 


constants, 


nonlinearity appears when measuring the magneic 
field dependence of the Nernst effect.” Entire item 


quoted 


302. SomMERFELD, A. and Betue, H. [Electronic 
theory of metals.] Il. Electrons in the periodic 
potential field. / Handbuch der Physik, 2nd ed., 
v. 34 (Pt. 2) p. 499-579, Berlin, 1933. 

In German. Trans No. 59-10887 available from 
Translation Center, Special Libraries Association, 
Crerar Library, Chicago, 

Sections translated are: (d) Electrical conduc- 
tivity interaction of the electrons with lattice 
vibrations, and (e) More complicated effects. In 
d are considered preliminary ideas, Bloch’s theory 
(assumption of thermal equilibrium of the lattice 
waves), Peierls’ **Umklapp processes,” and supple- 
ments to the theory. Under e are discussed galva- 
nomagnetic effects, and thermoelectric effects. A 
section (e. c) on radiation effects is not included. 


303. Steece, M. C. and peELAUNAY, J. Empirical 
correlation for a thermoelectric property of super- 
conductors. Phys. Rev. 82: 276-277, Apr. 1951. 

Letter. It is pointed out that E,O*/T.? has 
approximately the same value for Pb, In, Sn and 
ll. Here O is the Debye temperature and E, is the 
emf in a thermoelectric circuit, part of which is 
superconducting and part made normal by means 
of suitably applied magnetic fields, the two junc- 
tions being at T=0 and T=T, (the normal 
transition temperature). 


304. Steece, M. C. and J. Magneto- 
thermoelectric behavior of bismuth at liquid helium 
temperatures. Phys. Rev. 94: 1394-1395, June 1, 
1954, 

Letter. The thermoelectric voltage across a Bi 
crystal at 4-38 K in the direction of the trigonal 
axis shows oscillations as a function of a magnetic 
tield applied perpendicularly. The oscillations were 
of constant period in 1/H, and this period agreed 


well with the corresponding period for the de 
Haas-van Alphen effect. 

305. Steete, M. C. Thermoelectromotive force 
of a superconductor versus the same metal in the 
non-superconductive state. Phys. Rev. 81: 262-267, 
Jan. 1951. 

Measurements have been made for Pb, Sn, In 
and Tl. The technique used differed in several 
respects from that employed by previous workers. 
Results are discussed in light of existing theory. 
It is found that the data obtained are in good 
agreement with a relation derived from Fermi- 
Dirac statistics and the assumption that the 
Thomson coefficient of a superconductor is zero. 


S. On the commutation of 
Tekh. Fiz. 


306. STIL’BANS, L. 
semiconductor thermoelements. Z/iurn. 
27: 212-213, Jan. 1957. 

In Russian. 

Translation in Infosearch Tech. Lt. Info. Serv. 
Russian Lit. Survey SEM—2-57: 3.1—3.2, 1957. 

Concerns the problem of coating thermoelements 
so that they can be joined with a bridge made of 
any metal. 


307. StruG, E. M. and PANCHENKO, E. V. 
Structural and constitutional investigation of alloys 
using the micro-thermoelectric method. Nauc/. 
Dok. Vys. Shkoly. Met. No. 2: 252-255, 1959. 

In Russian. 

Method based on measurements of the thermo- 
emf. 


308. SucHIL’NIKOV, S. I. Thermoelectric proper- 
ties of steel slags. Fiz.-Khim. Osnovy Prolzvodstva 
Stali. Akad. Nauk. SSSR. Inst. Met. im. A. A. 
Baikova. Trudy 3 ei Konf. 1955, p. 453-463, 1957. 

For English abstracts see Chem. Abs. 54: 6326, 
Apr. 10, 1960. 


309. TARABA, F. R. and Paine, S. H. Effect of 
neutron irradiation on the thermoelectric emf and 
electrical resistivity of metals and alloys. /n Argonne 
National Laboratory. Annual Report for 1958, 
p. 109-119, Lemont, Ill., Mar. 1959. 

Includes a schematic diagram of a thermoelectric 
circuit measure average thermoelectric 
power. 


used to 


310. Tauper, G. E. A generalized variationa 
principle for transport phenomena. Can. J. Phys. 
36: 1308-1318, 1958. 

A generalized variational principle was formu- 
lated which takes the phonon distribution functions 
and the external magnetic field into account, is 
valid for an arbitrary direction of the electric 
field and polarization of the lattice vibrations, and 
does not depend on any special form of the energy 
surfaces. The various transport coefficient, for 
both thermoelectric and thermomagnetic pheno- 
mena, are obtained by the Ritz method in terms of 
infinite determinants without requiring an explicit 
solution of the transport equations. 
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Abstracts 


311. TempLeton, I. M. superconducting 
reversing switch. J. Sci. Instr. 32: 172-173, illus., 
May 1955. 

A reversing switch is described in which either 
of two pairs of tantalum wire elements may be 
brought into the normal (resistive) state by ener- 
gizing miniature electromagnetic circuits. Some 
measurements of small thermal electromotive 


forces are given in illustration of the performance 


of the switch. 

312. Tippce, P. M. and Heniscu, H. K. Thermal 
effects at point-contact diodes. Phys. Soc. Proc. 
66B 826-832, Oct. 1, 1953. 

Measurements were made on a 4:2—Q cm. 
n-type and on 12—Q me. p-type Ge illuminated 
with white light. Au or Ag rectifying electrodes 
were used. The found for the floating 
potential, the contact capacitance and the derived 
current, voltage barrier characteristic are given and 
compared with those derived from theory. 


313. ToLMAN, R. C. and Fine, P. C. On the 
irreversible production of entropy. Rev. Mod. Phys. 
20: 51-77, Jan. 1948. 

Equations for the first and second laws of 
thermodynamics as applied to any system are 
obtained in general terms. These are applicable 
where, in addition to the changes occurring in the 
system due to heat transfers and the performance 
of work, energy or entropy changes also occur due 
to mass transfers. The first and second law equa- 
tions are directly applied to the problems of viscous 
flow and the thermoelectric The latter 
application, whereby the usual relationships for 


results 


effect. 


the Peltier and Thomson coefficients are deduced, 
the difficulties of many more familiar 
treatments. 

314. TrousiL, ZDENEK. Anomalous thermal 
electromotive force with germanium. Czechosloy. J. 
Phys. 6: 170-172, 1956. 


avoids 


In English 
The occurrence of a thermo-emf in a 
conductor was predicted by Tauc, if at some point 


semi- 


in the semiconductor conditions exist for a non- 
equilibrium concentration of current carriers. InGe, 
such conditions exist when there is a considerable 
temperature difference over distances of less than 
| mm. Describes experiments on Ge strip between 
0 and 100°. There is a minimum (or a maximum, 
respectively) emf at 40°. The results are discussed 
theoretically. 

MiIkIO. 


315. Tsun, phenomena in 


Vem. Fac. Sci. 


Transport 
monovalent metals. Ayvushu Univ. 
2B: 119-128, 1958. 

“Solutions which are nearly valid at all tempera- 
tures and for any impurity concentration, including 
the case of ideally pure metals, are obtained by 
solving the Boltzmann equations for electrons and 
phonons by a modified variational method. The 
spherical energy-band model, a good 
for alkali metals even at low 


general 
approximation 


temperature, and possibly for all monovalent 
metals at high temperatures is assumed. Umklapp 
processes were disregarded. The results for elec- 
trical and thermal conductivity agree with those of 
Hanna and Sondheimer. Their results for the 
thermoelectric power are valid only for certain 
special cases. The method gives results identical 
with those obtained by Dorn, and is more con- 
venient in many cases.” Mer. Abs. 26: 588, Apr. 
1959. 


316. VeRSCHAFFELT, J. E. The electrodynamic 
potential. Acad. Roy. Belg. Bull. Glasse. Sic. 38 
593-606, 1952. 

In French. 

Gives a fuller discussion of the idea of an electro- 
dynamic potential and applies it to the Volta and 
Thomson effects, eddy current effects and to the 
various and thermomagnetic 


effects. 


magnetoelectric 


317. WAGENBRETH, HetmutT. The Benedicks 
[thermoelectric] effect in mercury. Ann. Physik. 
19: 166-168, 1956. 

In German. 

It has been suggested that the Benedicks effect 
depends on the presence of grain boundaries, but 
experiments on single crystals are lacking. The 
author used highly purified liquid Hg, since liquid 
metal is even more homogeneous than a single 
crystal. Contrary to results of Benedick and 
Sederholm (1938) no thermo-emf was found. 

318. WAGNER, ERNST. Ueber den einfluss des 
hydrostatischen druckes auf die stellung der 
metalle in der thermoelektrischen spannungsreihe. 
(The effect of hydrostatic pressure on the position 
of metals in the sequence of thermoelectric voltage). 
inn. Physik. 27: 995-1001, 1908. 

In German. 

Reports investigations on fifteen metals and 
several alloys between 0° and 100° and up to 300 
kg/cm? pressure. Effects were linear in this range. 


For solids the magnitude of the effect is much 
smaller than for liquid mercury, and is roughly of 
the order of 5 x 10°!2 volts per degree C. per 
kg/cm2. 


Thermal diffusion and heat of 
Physik. 124: 


319. Wirtz, K. 
transfer in condensed phases. Z. 
482-500, 1948. 

In German. 

The important quantity determining thermal 
diffusion and thermal-diffusion potentials (homo- 
geneous thermoelectric effect) is the “heat of 
transfer,” Q*, the net energy carried by one mole 
of the diffusing substance. The material flow may 
be either up or down the temperature gradient, 
depending on whether Q* is positive or negative. 
The Soret coefficient (fractional change in con- 
centration per degree temperature difference) is 


Q*/RT®. 


Abstracts 


320. Woo.ey, R. L. Thermoelectric power and 
the Bauschinger effect. Nature 174: 566-567, 
Sept. 18, 1954. 

Letter. It is suggested, and verified experimental- 
ly for copper, that thermoelectric power should 
remain approximately constant during Baus- 
chinger straining (a reversal of stress after plastic 
deformation). 

321. Yovanovitcu, J. Inhibition by prior thermo- 
electric treatment of the colorations developed in 
pure fused silica by irradiation, particularly by 
neutrons. J. Phys. et Radium. 18: 640-641, 1957. 

The 2420-A band of quartz disappears on 
heating in an oxidising atmosphere at about 1150”. 
Samples of vitreous silica subjected to thermo- 
electric treatment did not colour in the visible 
spectrum after irradiation with 1-6 x 10'* neutrons 
sq. cm. 


322. ZaremBO, L. K., KRASIL’NIKOV, V. A. and 
SHKLOVSKAYA-Korp1, V. V. Propagation of ultra- 
sonic waves of finite amplitude in liquids. Akusr. 
Zhurn. 3: 29-36, 1957. 


In Russian. 

Thermoelectric measurements were made at 
15- Mc/s for various liquids of the variation of 
absorption with intensity. Liquids with a low 
absorption coefficient at low intensities were found 
to have absorptions two orders higher at 4 W/cm2. 
The absorption coefficient was found to vary 
linearly with the amplitude of the acoustic pressure. 
Under high static pressure increase of the ab- 
sorption coefficient is limited by cavitation. 


323. ZiL’BERMAN, G. E. Oscillation effects in a 
magnetic field. Akad. Nauk. SSSR. Ser. Fiz. Izvest. 
19: 404-408, 1955. 

In Russian. 

The theories of the dispersion of electrons in a 
magnetic field are reviewed and it is shown that 
oscillations of the magnetic susceptibility, of the 
thermal conductivity in a magnetic field, of 
resistivity. Hall effect, and thermal emf can be 
calculated on the basis of a quadratic law of 
electron dispersion. 
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opt 


RELATED 


324. ABELES, FLORIN. Resistance electrique et 
pouvoir thermoelectrique supplementaires dux aux 
lacunes dans les metaux. (Increased electrical re- 
sistance and thermoelectric power due to holes in 
metals). Acad. Sci. Paris. Compt. Rend. 237: 
796-798, Oct. 12, 1953. 

In French. 

The changes of resistance and thermoelectric 
power due to lattice defects are evaluated in terms 
of electron moments and impurity concentrations, 
using a simple model according to which the metal 
consists of an electron gas obeying Fermi-Dirac 
statistics. Results are compared with experimental 
values for Ag, Au, and Cu. 

N. The multielectron model 

metal. i. Metalloved. 2: 


325. AGAFONOVA, E. 
of semiconductors. Fiz. 
391-396, 1956. 

In Russian. Not examined. 

“The current theoretical explanation, based on 
the single-electron model, for the thermoelectric 
properties of semiconductors (Ge, Si, etc.) is 
often unsatisfactory as regards quantitative agree- 
ment, although in the majority of instances 


agreement is quite satisfactory despite the com- 
plete disregard of the effect of interaction between 


electrons. This paper gives a quantum-mech. 
derivation, based on the multielectron model, 
for the thermoelectric behaviour of pure semi- 
conductors. From the final equation, one may 
compute the differential thermoelectric force and 
the coefficients of Peltier and of Thomson; the 
values so calculated agree with data in the litera- 
ture, provided only that an energy of the order of 
10°13 ergs is assumed as characteristic for the 
transition of electrons from one ‘node’ of the 
lattice to a neighbouring ‘node’.”” (Chem. Abs. 51: 
4238, 1957). 

326. AIRAPETYANTS, S. V. and Brescer, M. S. 
Thermoelectric power and surplus heat conductivity 
of heterogeneous systems. Zhurn. Tekh. Fiz. 28: 
1935-1938, Sept. 1958. 

Translation in Infosearch Ltd. 

Russian Lit. Survey SEM-7-59. 


327. AIRAPETYANTS, S. V. and Brescer, M. S. 
lermoelektrodvizhutshaya sila i dobavochnaya 
teploprovodhost’ geterogeniikh sistem. (Thermo- 
electromotive force and the additional heat con- 
ductivity of heterogeneous systems). Z/urn. Tekh. 
Fiz. 28: 1935-1938, Sept. 1958. 

In Russian. 

Calculation of thermoelectromotive 
efficient of a polycrystal, increase of polycrystal 
heat conductivity, provoked by heterogeneity of 
its thermoelectric properties; and thermoelectro- 
motive force coefficient of matrix system in the case 
of low concentration of inclusions, and of matrix 
phase. 

328. AIRAPETYANTS, S. V. Thermoelectromotive 
force and additional thermal conductivity of a 


force co- 


PHENOMENA 


statistical mixture. Zhurn. Tekh. Fiz. 27: 478-483, 
1957. 

In Russian. Translation appears in Infosearch 
Tech. Lit. Info. Serv. Russian Lit. Survey SEM-3- 
57, p. 2:1-2-°7, June 1957. 

One of the factors determining the efficiency of 
thermoelectrical devices is Z=—a*o/x, where @ 
thermoelectric power, «electrical conductivity, 
and x thermal conductivity. To obtain maximum 
values of Z, alloys constituting complex psuedo- 
binary systems in solid solution are used which on 
melting are subject to both liquidation and segre- 
gation with the results that thermoelements pre- 
pared by pressing powdered alloys of this type are 
not homogeneous and can be regarded as stati- 
stical mixtures in which various phases are 
randomly distributed in the form of particles of 
roughly the same size but characterised by different 
a, o, and x. Using Odelsevskii’s method of calcu- 
lating the overall mixtures of o, and x of such 
mixtures, the author derives a general expression 
for a of a statistical mixture of an arbitrary 
number of components, and calculates the increase 
of the thermal conductivity of such a mixture due 
to Peltier effect. Values of @ calculated for a two- 
component mixture of PbTe agreed well with the 
experimental data. 


329. ANSELM, A. I. and KLYACHKIN, V. I. 
Kinetic processes in atomic semiconductors taking 
into account scattering of electrons by ions. Z/hurn. 
Eksp. Teor. Fiz. 22: 297-302, 1952. 

In Russian. 

The theory, taking account of the mechanism 
of scattering of current carriers on ionized centres, 
shows that the total resistivity is not the simple sum 
(as some authors had assumed it to be) of the 
lattice resistivity and that due to electron scattering. 
In the light of the amended theory, formulae are 
obtained for the thermo-emf and Hall constant. 
(Sci. Abs. 55A: 8197, 1952). 


330. AppeL, J. Die thermokraft nicht 
polaren halbleitern. (Thermoelectric force of non- 
polar semiconductors). 7. Naturforsch. 12a: 
410-424, May 1957. 

In German. 

The distribution functions of electrons and 
thermal lattice-waves are solved simultaneously 
and self-consistently for non-degenerate isotropic 
semiconductors. For electrons the elastic inter- 
action with the longitudinal acoustical lattice- 
vibration and ionized impurity atoms is considered 
to be the collision process; for the longitudinal 
thermal lattice-waves the interactions with similar 
lattice waves, with electrons, and with crystal 
boundaries are the collision processes. The calcu- 
lations give values for the thermo-emf, the thermal 
conductivity, and calculated values are compared 
with measured values on Ge single crystals. The 
agreement is very good. 
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331. J. Phonenen-relaxationzeit und 
magnetische thermokraft dinderung von halbleitern. 
(Phonon relaxation tim and magnetic change in 
thermoelectric force in semiconductors). Z. Natur- 
forsch. 14A: 838-840, Sept. 1959. 

In German. Translation available from Asso- 
ciated Electrical Ind. Aldermaston, Berkshire, Eng. 

Expressions are given for the differential thermo- 
electric power of semiconductors with a simple 
band structure in a strong magnetic field. The 
decrease of thermoelectric power with increasing 
field is dismissed. 


332. AppeL, J. Theory of thermoelectric and 
thermomagnetic effects in nonpolar isotropic semi- 
conductors. Phys. & Chem. Solids. 8: 353-358, 
Jan. 1959, (Proc. 1958 Internatl. Conf. on Semi- 
conductors.) 

Part I: Introduction to the physical and mathe- 
matical problem; Part II: Some results for the 
thermoelectric and the thermomagnetic effects. 

A review of the coupling between phonons and 
electrons and its effect on thermoelectric and 
thermomagnetic properties in semiconductors. 

Paper with same title in Z. Naturforsch. 13a: 
386-402, May, 1958. (See Item 630, May 1959 


issue). 


of the thermomagnetic 
semiconductors. 


333 Appr, J. 
effects of nonpolar 


Theory 
isotropic 


Z. Naturforsch. 13a: 386-402, May 1958. 


In German. 

The author’s previous theory for the simul- 
taneous derivation of the distribution functions of 
electrons and phonons (acoustic), from the two 
coupled Boltzmann equations, is extended to 
include the effect of an applied magnetic field. 
Besides the mutual scattering of electrons and 
phonons by one another, the scattering of the 
former by impurities and the latter by grain 
boundaries and other phonons is considered. 
The following isothermal and adiabatic effects are 
calculated as functions of the magnetic field 
strength and temperature: the variation of thermo- 
electric power and thermal conductivity with 
transverse magnetic field and the Ettingshausen- 
Nernst effect. Explicit results are given for weak 
and strong fields while computed results, at inter- 
mediate fields, for various values of the scattering 
parameters, are presented in the form of graphs. 
The field dependent thermoelectric power of 
p-type germanium, measured at 80°K, is in good 
agreement with the calculated result. (Phys. Abs. 
62: 3452, 1959). 


334. AvAK’yants, G. M. On the letter to the 
editor by I. M. Tsidil’kovskii and F. G. Bass. 
Zhurn. Eksp. i Teor. Fiz. 30: 806, Mar. 1956. 

In Russian. 

A rebuttal of the criticism by Tsidil’kovskii and 
Bass of the author’s papers. The author maintains 
the validity of his analysis of thermoelectric and, 
galvano-, thermo-, and photomagnetic effects in 
semiconductors subjected to strong electric fields. 


Abstracts 


335. BARANSKIU, P. I. and KONOPLYASOVA, N. S. 

Izuchenie ob’emho-gradientnoi termoeds i teplo- 
probodnosti v monokristallakh germaniya izvestnoi 
kristallograficheskoi orientatsii. (Study of volume- 
gradient thermo-emf and heat conductivity in 
germanium single crystals with definite crystallo- 
graphic orientation). Zhurn. Tekh. Fiz. 28: 1621- 
1630, Aug. 1958. 

In Russian. 

The paper describes a method for studying the 
volume-gradient thermal emf which is developed 
at volume inhomogeneities of a semiconductor 
(germanium). An analysis is made of the tempera- 
ture variation of this thermal emf; it is shown that 
it vanishes in the region of intrinsic conductivity 
where the nonuniformity in the distribution of 
residual impurities no longer produces an appre- 
ciable distortion of the homogeneity of the speci- 
men. For this case the homogeneity of the speci- 
men is established due to the sharp increase in 
conductivity caused by interzonal thermal transi- 
tions. At the same time the isotropic nature of the 
thermal emf and the thermal conductivity in 
germanium is verified. 


336. BARANSKII, P. I. Mobility of minority 
current carriers in colinear electric and thermal 
fields. Zhurn. Tekh. Fiz. 28: 694-703, Apr. 1958. 

In Russian. 

Using the zero method of measuring the drift 
mobility of minority carriers in n-type germanium 
in the presence of temperature gradients, it is 
shown that there is no appreciable entrainment 
effect (electron-background interaction) in the 
range of room temperatures. The negative reply 
obtained to the question of the electron-back- 
ground interaction excludes the explanation based 
on the entrainment effect, for the incompatibility 
of the fundamental thermoelectric relations 
following from the first and second laws of the 
thermodynamics of reversible processes. 


337. BARANSKU, P. I. and KomuKkuayey, E. 
Volume-gradient emf in the presence of current in 
germanium. Zhurn. Tekh. Fiz. 28: 1896-1904, 
Sept. 1958. 

In Russian. 

Experimental proof is given of the appearance 
of volume-gradient emf in the presence of current 
in germanium. The correlation of variations of the 
volume-gradient emf and of p to the coordinate 
was established. It was shown that the volume- 
gradient emf in n- and p- type germanium have 
opposite signs. Attention is drawn to the fact that 
in the case of semiconducting materials a very high 
accuracy in measuring the electric characteristics 
(by means of a probe method) cannot be reached 
if the volume-gradient emf is ignored. 

338. BARANSKII, P. I. The volume Peltier effect 
in germanium. Zhurn. Tekh. Fiz. 28: 225-230, 
Feb. 1958. 

In Russian. Translation in Soviet Phys. Tekh 
Phys. 2: 201-205, Feb. 1958. 


Abstracts 


The volume Peltier effect is expected to be pre- 
sent in a semiconductor with non-uniform 
resistivity; it consists of the absorption or genera- 
tion of heat when a d.c., J, is passed through the 
material. The experimental arrangement used to 
detect the effect in Ge single-crystal specimens is 
described; six specimens with average resistivities 
of 0-018-0-61 cm. were studied. The results show 
that the effect @ J as expected. If there is a volume 
Peltier effect, there should also be a gradient of 
thermo-emf; the apparatus used to detect this 
effect is also described. 

339. Barrie, R. Influence of exchange and corre- 
lation on electron transport in metals. Phys. Rey. 
103: 1581, Sept. 1, 1956. 

Various errors are pointed out in Blatt’s 
calculation of the change produced in the conduc- 
tivity and thermoelectric power of metals when 
one uses the Bohm and Pines €-k curve instead of 
the usual standard parabolic curve. The correct 
results are derived. 

340. BeNepict, R. P. Thermoelectric 
Elec. Mfg. 65: 103-118, illus., Feb. 1960. 

An introduction to thermoelectric theory is 
provided. The first section concerns the historical 
sequence of developments from Seebeck’s basic 
discovery of thermoelectric effects to the famous 
Kelvin relations in 1854. In the next section, 
thermoelectricity is discussed from the microscopic 
(free-electron) and macroscopic (irreversible ther- 


effects. 


modynamic) poinis of view. Finally, the four basic 
applications of thermoelectric phenomena (power 


temperature 
circuits, 


generation, heating, cooling, and 
sensing) are considered. The various 
means for judging their performance, and graphi- 
cal and numerical results are given. 

A bibliography in which early 
references are cited is appended. 

341. Biatr, F. J. Effect of point imperfections 
on the electrical properties of copper. Il. thermo- 
electric power. Phys. Rev. 100: 666-700, Oct. 15, 
1955. 

Theoretical treatment of the influence of Frenkel 
defects; due to a small concentration of As, on the 
absolute thermoelectric power of Cu; general 
remarks on the use of thermocouples in a radiation 
field. 

342. Bratt, F. J. Residual resistivity of copper 
and silver alloys: dependence on periodic table. 
Phys. Rev. 108: 285-290, Oct. 15, 1957. 

Attention is called to the fact that polyvalent 
impurities of the silver period of the periodic table 
give rise to a smaller residual resistivity in both 
copper and silver than do polyvalent impurities 
belonging to the copper period. An explanation of 
this experimental result is presented. The expla- 
nation is based on a modification of the Friedel 
sum rule suggested by Harrison by which one 
may take lattice distortion into account. The 
calculations reflect in every detail the qualitative 
features of the experimental data, and moreover, 


historical 
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lead to better quantitative agreement between 
theory and experiment than previous calculations 
based on the free-electron models. The occurrence 
of a similar period dependence of the thermo- 
electric power of these alloy systems is suggested. 

343. BLEANEY, B. I. and BLEANry. B. Electricity 
and magnetism. 676 p., illus., Oxford, Clarendon 
Press, 1957. 

Thermoelectric effect, p. 94-99, 

344. Boniras, H. A study of some problems in 
electrostatics. Rev. Gén. Elec. 64: 149-158, Mar. 
1955. 

In French. 

An interpretation of the electrostatic behaviour 
of conducting materials is given in terms of some 
conceptions of the electronic theory of solids. 
The Peltier effect and contact potential are also 
discussed. 

345. Boretius, G., KeEesom, W. H., JOHANSSON, 
C. H. and Linpe, J. O. Establishment of an 
absolute scale for the thermoelectric force. Ned. 
Akad. Wetens. Proc. 25: 10-14, 1932. 

The authors introduce a formula which indi- 
cates the thermoelectric force per degree of metal 
in the absolute thermoelectric scale. They calcu- 
late this quantity for tin, lead and the silveralloy- 
normal they used, on the basis of their measure- 
ments of the thermoelectric forces and of the 
Thomson-heat, of the assumption that o 9 in the 
superconducting state, and of an interpolation for 
tin between 7:2 and 20 K. 

346. BorrGcer, Ueber leistungs- 
grenzen der thermoelektrischen effekte bei hal- 
bleitern. (Efficiency limits of the thermoelectric 
effects of semiconductors). Z. Physik. 151: 296-306, 
illus., 1958. 

In German. 

The efficiency of a loaded thermocouple and the 
maximum reduction in temperature of a Peltier 
couple are calculated. A non-dimensional magni- 
tude—the thermo metal coefficient enables the 
quality of a combination to be assessed. 

Joint Publications Research Service Translation 
is available. 

347. Bruzs, B. Zur theorie der thermoelek- 
trizitat. (Theory of Thermoelectricity). Z. Elektro- 
chem. 28: 777-779, 1932. 

In German. 

Added the Seebeck and Peltier effects to the 
theories of thermoelectricity. 

348. California University. Radiation Labora- 
tory, Livermore, Calif. Thermodynamics of irre- 
versible processes: the experimental verification of 
the Onsager reciprocal relations, by D. G. MILLER, 
81 p., Jly. 30, 1959. (Rept. 5644-T) (Contract 
W7405-eng-48). 

In the last twenty years a_ thermodynamic 
theory of irreversible processes (TIP) has been 
vigorously developed which has been able to treat 
irreversible phenomena in a detailed way. The 
present macroscopic form of the theory was 
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suggested primarily by the statistical mechanical 
investigations of Onsager. The presently available 
experimental data are collected for a variety of 
quite different irreversible phenomena and it is 
shown that this evidence does indeed verify the 
Onsager Reciprocal Relations. Thermoelectricity, 
electrokinetics, transference in electrolytic solu- 
isothermal diffusion, heat diffusion, heat 
conduction in anisotropic solids, and thermo- 
galvanomagnetic effects are the phenomena 
considered in detail. (Nuclear Sci. Abs. 14: 3865, 
Feb. 29, 1960) 


LiONns, 


349. Cacten, H. B. The application of Onsager’s 
reciprocal relations to thermoelectric, thermo- 
magnetic and galyanomagnetic effects. P/ivs. Rev. 
73: 1349--1358, June 1, 1948. 


Analysis of the effects by means of the reciprocal 
relations a simple and intuitive inter- 
pretation of the thermoelectric effects, provides a 
derivation of the Kelvin relations, and 
long-standing question as to the 
existence of relations among the effects in a 
magnetic field. There exist two independent 
relations among the 8 commonly defined co- 
efficients in a magnetic field—one of these relations 
having been previously given by Bridgman. The 
nature of the second relation is discussed. Also, 
certain general observations on the applicability of 
the Onsager relations to steady-state processes 


leads to 


valid 
answers the 


are discussed. 


350. Carnegie Institute of Technology, Atlanta, 
Ga. Transient and steady state theory of semi- 
conductor thermoelectric cooling cells, by N. 
ALFONSO. 114 p., Nov. 1959. (Contract Nonr.- 
760(09). ) 


Thermoelectric phenomena are reviewed on the 
basis of the band theory of a non-degenerate semi- 
conductor and the steady-state operation of a 
thermoelectric cooling cell is presented as a starting 
point for the study of the transient behaviour. 

The transient equations are developed for the 


cell assuming uniform temperature within the 
insulated chamber for elements of known thermal 
inertia, and assuming a hot junction temperature 
that is constant at the ambient value. These equa- 
tions are investigated by Paplace transformation 
methods for turnoff and turn-on step-function 
currents and the influence of the physical and geo- 
metric parameters of the system is examined. The 
cross-sectional area to length ratio of the thermo- 
elements and the heat load are shown to be 
important in determining transient response and 
under certain conditions temperature overshoot 
may be expected. 

Repetitive pulse conditions are studied and also 
the effect of sinusoidal ripple present in the power 
supply on the mean temperature drop. The ripple 
reduces the temperature drop available but with 
suitable circuit proportions the effect may be 
reduced. 


351. CEZAIRLIYAN. ARED. Thermoelectric pheno- 
mena—theory and applications. 129 p., Sept. 1959. 
Thesis, M. S., Purdue University. 

Fundamental concepts of thermoelectric pheno- 
mena are studied with emphasis on the various 
thermoelectric effects. A fairly complete review 
of published information on this subject is given. 
R. G. The two-band effect in 

Soc. Proc. 65A: 903-910, 


352. CHAMBERS, 
conduction. Pliys. 
Nov. 1952. 

For an isotropic two-band conductor in a 
transverse magnetic field, the various galvano- 
magnetic, thermomagnetic thermoelectric 
coefficients are derived by elementary arguments in 
terms of those of the individual bands. The ex- 
pressions are applicable to quasi-free electrons of 
any degree of degeneracy; for fully degenerate 
electrons they reduce to those given by Sondheimer 
and Wilson. When the square of the thermoelectric 
power is comparable with the Lorenz number, as 
may happen in semiconductors, the expressions for 
the adiabatic thermomagnetic and thermoelectric 
effects become extremely complicated, though 
those for the isothermal effects remain reasonably 
simple. 

353. CHANU, JACQUES. The stationary thermo- 
electric potential in ionic solutions in Soret equili- 
brium. Acad. Sci. Paris. Compt. Rend. 243: 239 
241, Jly, 16, 1956. 

In French. 

The application of the thermodynamics of irre- 
versible processes, based on the reciprocal rela- 
tions of Onsager, to the study of thermal diffusion 
in ionic solutions, leads to phenomenological 
relations on the existence of an electrical potential 
gradient which appears with the gradients of 
concentration and of temperature. Comparison 
is made with the author’s experimental results. 

354. CHASMAR, R. P. and STRATTON, R. The 
thermoelectric figure of merit and its relation to 
thermoelectric generators. J. Electron & Contr. 7: 
52-72, figs., Jly. 1959. 

The expression for the figure of merit of a semi- 
conductor of given carrier mobility and lattice 
thermal conductivity expressed in terms of general- 
ised Fermi-Dirac functions has been numerically 
evaluated for various scattering indices. The results 
are presented graphically enabling the maximum 
figure of merit to be found. High-temperature 
limitations due to minority carrier production are 
considered in relation to the energy gap of the 
semiconductor. The results are discussed in 
connection with bismuth telluride and other 
sulphides, selenides and tellurides of the heavy 
metals. 

355. pE Groot, S. R. Thermodynamics of irre- 
versible processes (with appendix on hydrodynamics 
and thermodynamics). 44 p., figs., College Park, 
University of Maryland, 1951. (University of 
Maryland, Institute for Fluid Dynamics and 
Applied Mathematics. Lecture Ser. 13). 

Thermoelectricity, p. 11-15. 
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356. DiINGLE, R. B. The concept of formal 
relaxation times in the theory of electronic con- 
ductors at low temperatures. Physica, 22: 698-700, 
1956. 

The electrical conductivity, thermal conductivity 
and thermoelectric effects in metals and polar 
semiconductors can be expressed by formulae 
which are natural extensions of the elementary 
theory valid for those circumstances for which a 
“universal” relaxation time can be defined. 


357. Domenicat, C. A. Irreversible thermo- 
dynamics of thermoelectric effects of inhomo- 
geneous anisotropic media. Phys. Rev. 92: 877-881, 
Nov. 15, 1953. 

Beginning with the isotropic form of the thermo- 
electric equations of Onsgaer’s irreversible thermo- 
dynamics as treated by Callen and de Groot, a 
direct transcription is made to the case of in- 
homogeneous and anisotropic media. The emf of 
Kelvin, Bridgman, Ehrenfest and Rutgers is the 
gradient of the electrochemical potential and a 
general formula is given for this gradient in 
anisotropic media. 


358. DomENIcALI, C. A. Irreversible thermo- 
dynamics of thermoelectricity. Rev. Mod. Phys. 26: 
237-275, Apr. 1954. 

A detailed treatment, using the Onsager reci- 
procity relations, based upon electrochemical 
potentials. The first part deals with isotropic media; 
the treatment is later extended to anisotropic 
media. Comparison is made with the methods of 
Kelvin, Bridgman, Ehrenfest and Rutgers, Kohler, 
Meixner, and Meissner. Appendices deal in some 
detail with applications of the theory to particular 
systems and connections with experimental results. 


359. DoMENICALI, C. A. Stationary temperature 
distribution in an electrically heated conductor. 
J. Appl. Phys. 25: 1310-1311, Oct. 1954. 

The thermodynamic theory of irreversible pro- 
cesses as developed by Onsager, de Groot, and 
Callen is used to derive in a straightforward way 
the partial differential equation for the stationary 
temperature distribution in an electrically heated, 
chemically inhomogeneous conductor. It is shown 
that the form of this differential equation given in 
1900 by Diesselhorst (for homogeneous media) in 
terms of the electrical potential gradient, is 
incorrect. 

360. DomenicaLi, C. A. and Otter, F. A. 
Thermoelectric power and electrical resistivity of 
dilute alloys of silicon in copper, nickel, and iron. 
J. Appl. Phys. 26: 377-380, Apr. 1955. 

Data on the TE power and resistivity of dilute 
Cu-Si, Ni-Si, and Fe-Si alloys from —195 to 500°C, 
The Cu-Si emf first decreases with increasing Si, 
and then again increases, the minimum being at 2 
or 3 at. °% Si, depending on temperature. The 
Cu-Si resistivity is typical of Cu-base alloys, 
increasing per at. °% Si, changing from 7:2 microhm 
cm. at -190°C. to 817 at 840°C. The TE power and 


resistivity curves for Ni-Si show a characteristic 
nick at the Curie temperature of each alloy. The 
Fe-Si TE powers are positive at lower temperatures 
and become negative at a temperature T. that 
decreases with increasing Si content. Furthermore, 
T changes from about 300°C. for pure Fe to about 
70°C. for 2 at °% Si. The resistivity of Fe-Si alloys 
increases faster than linearly with temp. as is also 
the case for Ni-Si alloys below the Curie tempera- 
ture. Above the Curie point, the Ni-Si resistivities 
vary linearly with temperature. The increase in 
resistivity per at. °% Si in Fe is 10-5 Microhm cm. 
at all temperatures within the measured range. 


361. Domenicaut, C. A. and Otter, F. A. 
Thermoelectric power and electron scattering in 
metal alloys. Phys. Rev. 95: 1134-1144, Sept. 1, 
1954. 

TE power depends on how current carriers are 
scattered by the various deviations of the crystal 
from a perfect lattice. A semi-empirical theory of 
TE power in metal alloys, based on a formula of 
Mott and others, is described. 


362. DomeENIcaALt, C. A. Thermoelectricity and 
resistivity in metal alloys at low temperatures. 


Phys. Rev. 117: 984-992, Feb. 15, 1960. 
Low-temperature behaviour of resistivity and 
thermoelectric power of metal alloys is explained 
on the basis of a simple model of “resonance 
scattering” of conduction electrons by impurity 


atoms. 


363. Domenicatt, C. A. Thermoelectric power 
and electron scattering in metal alloys. Phys. Rev. 
112: 1863-1876, Dec. 15, 1958. 

A phenomenological theory is presented for 
thermoelectric power in binary, ternary, and more 
complex noble metal-base metal alloys based on 
the amended Mott formula. In Cr. Mn, Fe, Co, 
and Ni solutes in Cu, the cross section depends on 
electron energy as in the slow-electron scatter from 
vapor-state atoms. The analogy is used to predict 
ternary and more complex behaviour from 
binary-alloy data. Experiments are described on 
Fe, Co, Bi, Si, Ge, Sn, Ga, Au, Sb, Cr, Mn, Pd and 
Pt in Cu. Cu-Ni-Co, Cu-Ni-Au, and Cu-Ni-Fe 
alloys are compared to Cu-Ni alloys; the results 
accord with the theory. The effect of Fe and Co 
solutes on Cu and Au thermoelectric power are 
studied. 

Article with same title in Phys. Rev. 95: 1135 
1144, Sept. 1, 1954. 


364. DonanHor, F. J. Thermoelectric material 
requirements. Jn Papers Presented at Symposium 
on Solid State and Plasma Physics, p. VIH-1-VII-22, 
Baltimore, Md., Johns Hopkins University, 
Radiation Laboratory, Jan. 1960. (Tech. Rept. 
Af-73) (Contract AF33(616) 3374). 

Considers the thermoelectric device equations; 
operation under conditions of other than maxi- 
mum C.O.P.; and the figure of merit. 
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365. Dorn, Dieter. A_ generalised variation 
method for the treatment of transport phenomena 
in metals and semiconductors. Z. Naturforsch. 12a: 
739-749, 1957. 

In German. 

“From the Boltzmann equation for the electron 
and phonon gas it is shown that the rate of entropy 
production/unit vol. becomes maximal in transport 
processes when certain conditions are fulfilled. 
[his principle can be used to calc. approximate 
values of elec. and thermal transport quantities. 
The Kelvin relations of thermoelectricity are 
obtained quite generally. In the case of the iso- 
tropic semiconductor with single-band conduction 
it follows that the Debye temp. plays only a sub- 
ordinate The variation method is used to 
calc. the thermal and elec. cond. in a simple ex- 
ample.” Chem. Abs. 52: 8746, June 10, 1958. 


role. 


J. R. Galvanomagnetic effects in 
Proc. 72: 380 


366. DRABBLE, 
p-type bismuth telluride. P/iys. Soc. 
390, Sept. 1958 

A satisfactory explanation of the anisotropy of 
the galvanomagnetic effects in BizTe3 is one in 
band with the transport 


which the associated 


properties is of the many-valley type. The resi- 
stivity components, Hall coefficient, and low-field 


magnetoresistance coefficient measured on a 
number of single-crystal specimens at 77°K are 
consistent with this The variation of the 
resistivities and the Hall coefficient with tempera- 
ture between 77° and 290°K is discussed, and the 
nobility obtained for holes for current flow \ the 


idea. 


cleavage planes 


367. Drasasie, J. R. The effect of strain on the 
thermoelectric properties of a many-valley semi- 
conductor. J. Electron & Control. 5: 362-372, Oct. 
1958. 

The electrical conductivity and thermoelectric 
power of a many-valley semiconductor are con- 
sidered as functions of strain, neglecting all effects 
other than those due to carrier transfer between 
valleys. For non-degenerate materials, a general 
treatment is given and it is shown that the absence 
of other effects can be checked by the condition 
that the trace of the conductivity tensor is un- 
altered by the strain. 


368. EHRENBERG, W. Electric conduction in 
semiconductors and metals. 389 p., figs., Oxford, 
Clarendon Press, 1958. 

Passages relating to thermoelectric power may 
be found in this introduction to the physics of 
semiconductors on pages 4, 5, 21, 22, 27, 62, 74, 
76, 188, 199. 

369. R. J. and BANBURY, P. C. The 
theory of semiconductors. Ver. Rev.4: 257-308, 1959. 

In this review article, the theory of electrical 
resistivity and the Hall effect, and thermoelectric 
power are discussed. 


370. Epstein, P. S. Textbook of thermodynamics. 
406 p., figs., New York, Wiley, 1937. 


Abstracts 


Thermoelectric potential differences in the 
classical electron theory, p. 271-273. 

Thermoelectric phenomena, p. 361-368. 

371. Fen, G. I. Valentnye poluprovodniki 
germanii i kremnii. (Valence semiconductors— 
germanium and silicon). Usp. Fiz. Nauk. 733-779, 
Apr. 1958. 

In Russian. 

English translation in Seitz, F. and Turnbull, D, 
eds., Solid State Physics, New York, Academic 
Press, 1955. (Vol. DI. 

Survey of data on the characteristics of ger- 
manium and silicon crystals. Includes: evaluation 
of the semiconductor theory, ideal crystals, 
pertubation of the crystal lattice, electron distri- 
bution, effective mass, properties of crystals, 
crystal lattice, optical properties and dielectric 
constant, magnetic properties, effective mass and 
structure of the energy zone, impurities, crystal 
lattice flaws, conductivity phenomena, general 
theory, conductivity and Hall effect, thermo- 
electromotive force, conductivity in the case of 
strong fields, low temperature, and high frequency ; 
and problems related to the biased electron 
distribution. 

372. Frescut, R. Thermodynamical theory of 
galvanomagnetic and thermomagnetic phenomena. 
Nuovo Cimento 1 (Suppl.): 1-47, 2(Suppl.): 1168 
1170, 1955. 

The theory of thermoelectricity is extended to 
the case in which a magnetic field is present. 

373. Fretcuer, J. G. and Larson, D.C. In- 
fluence of electron interactions on metallic proper- 
ties. Phys. Rev. 111: 455-462, 1958. 

A calculation based on the Bohm-Pines des- 
cription of electron interactions shows the effect 
of interactions on the one-electron energy in metals. 
Comparison of calculated and experimental values 
of band width, specific heat, relaxation times, 
conductivity, thermo-electric power, and dia- 
magnetic susceptibility for the alkali metals shows 
fair agreement. 

374. FREDERISKE, H. P. R., JOHNSON, V. A. and 
SCANLON, W. W. Thermoelectric effects. Jn Lark- 
Horovitz, K. and Johnston, V. A., eds. Solid 
State Physics, vl. 6, p. 114-128, New York, 
Academic Press, 1959. 

A review article covering the Seebeck, Thomson 
and Peltier effects; significance and measurement 
of thermoelectric power; temperature above and 
below ~ 100°K; the thermoelectric generator and 
refrigeration. 

375. Friepet, J. Some electrical and magnetic 
properties of metallic solid solutions. Can. J. Phys. 
34: 1190-1210, 1956. 

The resistivity, thermoelectric power, and mag- 
netic susceptibility of metallic solid solutions at 
room temperature are reviewed, and the relation 
with their electronic structure is emphasised. The 
special properties of transitional impurities are 
related to the emptying of the d shells. 
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376. FRIEDEL, J. Thermoelectric power of alloys. 
J. Phys. et Radium. 14: 561-565, Nov. 1953. 

Mott’s calculation for the resistivity when poly- 
valent impurities (e.g., Zn, Ga, Ge) are substituted 
in monovalent metals such as Cu is extended to 
determine the thermoelectric power. The order of 
magnitude and the variation as a function of 
impurity concentration are in agreement with ex- 
perimental results. For Al alloys, in order to 
obtain theoretical results in agreement with 
observations, it is necessary to assume two over- 
lapping energy bands. 


377. GeEBALLE, T. H. The Seebeck effect in 
germanium. Phys. Rev. 92: 857, 1957. 

Abstract only of paper given at 1953 Spring 
meeting of the American Physical Society, 
Schenectady, April 10-11, 1953. 

“The Seebeck effect in germanium has been 
investigated by previous workers. In this investi- 
gation, the Seebeck and Hall effects have been 
measured from liquid hydrogen temperatures to 
the intrinsic region for a series of n and p type 
single crystals. It has been shown quite generally 
that in a thermoelectric circuit the Seebeck voltage 
per degree Q is equal to the entropy convected 
through the circuit per unit current. When the 
usual band scheme is assumed, the entropy 
convected by unit current is simply A E,/T plus 
a term involving kinetic energy transported by 
Ef is the distance of the Fermi level 
from the band edge. A. Ep determined from 
Seebeck voltage agrees with A Ep determined 
from Hall voltage in order of magnitude down to 
about 200°K. As the temperature is lowered still 
further, the Seebeck voltage becomes increasingly 
too large, reaching a maximum just above the 
hydrogen boiling point. It appears that an addi- 
tional mechanism other than electron transport 
of entropy must be considered in order to relate 
the observed data. This is considered in the next 
paper by C. Herring.” Entire item quoted. 


electrons. 


378. General Atomic Corp., San Diego, Calif. 
Some considerations of the basic physics of thermo- 
electric effects, by W. B. Teuscu. 9 p., May 12, 
1959. (Rept. 774). 

This discussion of thermoelectric effects was 
presented as a talk at the Thermoelectricity 
Conference Washington, D.C., September 3-4, 
1958. 


379. General Electric Co., Knolls Atomic 
Power Laboratory, Schenectady, N.Y. Electron 
theory of thermoelectric effects, by W. W. TYLER. 
17 p., Sept. 1951. (Rpt. M-WWT-1). 

Expressions are derived which permit the rough 
prediction of changes in calibration of various 
thermocouples due to neutron damage. Several 
generalities are proposed regarding these changes. 


380. GurevicH. L. Thermoelectric properties of 
conductors. Zhurn. Eksp. i Teor. Fiz. 16: 193-228, 
1946, 
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In Russian. 

Fact that the temperature dependence of the 
thermo-emf of various metal couples follows no 
uniform law leads to the assumption of different 
mechanisms for the TE effect. Theoretical treat- 
ment shows this is possible. In the presence of a 
temperature gradient in a conductor, resulting in a 
non-equilibrium distribution of states for both the 
electrons and the lattice vibrations, the deviation 
from the equilibrium may be brought about by: 
(1) direct effect of the temperature gradient on the 
electrons; (2) convection of the electrons by the 
stream of lattice waves (phonons) created by the 
temperature gradient. The latter indirect effect, 
not heretofore considered, and which may be 
described as asymmetric scattering of the electron 
stream by lattice vibration aroused by the tempera- 
ture gradient, is proved to be prevalent in certain 
temperature intervals, where as elsewhere the first 
mechanism predominates. The experimental ano- 
malies in the temperature dependence of the 
thermo-emf can be explained by transition from 
one mechanism to another. The theory gives, at 
higher temperatures, a differential TE emf pro- 
portional to I/T; at low temperatures, one pro- 
portional to T*. Thermal conductivity is not 
materially altered by the introduction of the two 
mechanisms. 


381. HAAse, Ror. Contribution to the theory of 
thermoelectricity. Z. Naturforsch. lla: 681-684, 
1956. 

In German. 

Mathematical. A phenomenological calculation 
of the thermoelectric effects was carried out. 
Thermal and electrical gradients along a bar con- 
taining mobile electrons was considered. By using 
the Onsager reciprocity law, the Seebeck, Peltier 
and Thomson coefficients were expressed in terms 
of the thermodynamical properties of electrons. 


382. Haase, Thermocouples. Supple- 
mentary views. Z. Physik. Chem. 14: 292-295, 1958. 

In German. 

In connection with earlier publications, methods 
for determining all independent transport co- 
efficients for a nonisothermal solution of a binary, 
completely dissociated electrolyte and the problem 
of the reference system for the transport pheno- 
mena are discussed. The explicit connection of the 
initial and of the end value of the thermoelectric 
force of a thermocouple with the Soret coefficient, 
Hittorf’s transport number and the activity co- 
efficient is deduced. 


383. Haase, V. R. Theory of thermoelectricity. 
Z. Naturforsch. 11A: 681-684, Sept. 1956. 

In German. 

Discusses several relations between TE co- 
efficients which are deduced from thermodynamics. 
Simple formula relates heat of transfer of electrons 
to the difference between the thermal conductivity 
in absence of electric field and the thermal con- 
ductivity in the stationary non-equilibrium state 
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(absence of electric current). As a consequence of 
the definite positive character of the entropy pro- 
duction, the author determines an upper bound 
to the value of the heat of transfer, proportional 
to the thermal conductivity and electric resistance 
of the metal. Well known derivation of Thomson’s 
classical relations is discussed in a simple case. 

384. HAGA, Euro. On the theory of the thermo- 
electricity in two-band semiconductors. P/ys. Soc. 
Japan J. 14: 35-38, Jan. 1959. 

In many literatures the thermoelectromotive 
force of a circuit composed of two different 
conductors is expressed by an integral of the field 
along the circuit with two junctions of different 
temperatures. This definition is not free from am- 
biguity when we deal with the thermoelectricity of 
two-band semiconductors. In the present paper a 
theory of the thermoelectricity of two-band semi- 
conductors is developed with consideration of 
temperature dependence of the gap energy. The 
Thomson relations are proved to be satisfied. 
thermoelectric 
Soc. Japan J. 


Theory of 
Phys. 


385. HAGA, Etro. 
power of ionic crystals. I. 
13: 1090-1095, Oct. 1958. 


A theory of the emf in AgBr is developed, in 
which the experimental conditions are properly 


considered. The gradient of the electrochemical 
potential of silver ions is calculated, since it is 
related to the quantity measured by the potentio- 
meter, that is the difference between the Fermi 
levels at two free ends of lead wires. An expression 
is derived, which is applicable to AgBr mixed with 
CdBr, at arbitrary temperatures. 

The Peltier and Thomson coefficients in the 
steady state are independently calculated for this 
special case, and the result shows that the Kelvin 
relations are really satisfied in the steady state. 
Finally, the theory is compared with the experi- 
ments of Patrick and Lawson. 


386. HAGA, Euiro. Theory of thermoelectric 
power of ionic crystals. Ll. Phys. Soc. Japan. J. 
14: 992-996, Aug. 1959. 

“A theory of the thermoelectric power of the 
NaCl crystal doped with CdCl, is developed, when 
we measure it by using the chlorine gas electrode. 
We derive also the expressions of it by taking into 
account the Coulomb interaction between defects 
in NaCl and AgBr, and estimate the correction 
terms to the simple theory. Next the relation be- 
tween the thermoelectric power with the metallic 
electrodes and that with the halogen electrodes is 
derived, and the theoretical result is compared 
with experiments in silver halides and lead halides.” 


387. HAGA, Ewiro. Theory of thermoelectric 
power of ionic crystals. Il. Phys. Soc. Japan. J. 
14: 1176-1181, Sept. 1959. 

When temperature gradient ts given in a speci- 
men of AgCl doped with CuCl, its thermoelectric 
power changes with time owing to the thermal 
diffusion of copper ions, and then reaches its 
steady value. If the temperature gradient is removed 


after such a steady state is attained, the electro- 
motive force continues to exist for a while, but it 
decreases with time according as the copper ions 
diffuse again to the previous homogeneous distri- 
bution. The expressions for such processes are 
derived under proper assumptions. The time con- 
stant for them is estimated with use of the con- 
ductivity data of Ebert and Teltow. The infor- 
mation on the heat of transport of Cu°, will be 
obtained if experiments on such processes are 
carried out. 

388. HANNA, I. I. and SONDHEIMER, E. H. 
Electron and lattice conduction in metals. Roy. Soc. 
London. Proc. 239(A): 247-266, Feb. 26, 1957. 

Theory of the transport phenomena; transport 
equations; electrical and thermal conductivity; 
thermoelectric power. 

389. HASHIMOTO, KiMio. Integrals in the thermo- 
electric power of semiconductors. Ayushu Univ. 
Vem. Fac. Sci. Ser. B 2: 165-170, Dec. 1958. 

A general formula is presented for the thermo- 
electric power Q of non-polar and isotropic semi- 
conductors. 

390. HatsopouLos, G. N. and KEENAN, J. H. 
Analysis of the thermoelectric effects by methods of 
irreversible thermodynamics. /. App/. Mech. 25: 
428-432, Dec. 1958. 

The Thomson coefficient, the Peltier coefficient 
and the electromotive force of a thermocouple, are 
each expressed in terms of a pure temperature 
function h which is the difference between the 
isothermal energy flux in a conductor per unit 
electrical current and the electrochemical potential 
of the unit electrical change. The Kelvin relations 
for the thermocouple follow directly. 

391. HeniscH, H. K. Thermoelectric and con- 
ductive properties of blue titanium dioxide. F/ec. 
Comm. 25: 163-177, June, 1948. 

A simple theory of thermoelectric effects in 
semiconductors is developed. It is shown how 
measurements of thermopower at various tem- 
peratures can be interpreted in terms of the 
concentration of free charge carriers (electrons or 
positive holes) and their activation energy. From a 
comparison of thermoelectric and resistive pro- 
perties for a series of specimens, conclusions can 
be drawn as to the relative magnitude of inter- 
granular resistances and the bulk resistivity of 
individual grains. The thermoelectric properties of 
TiO, (containing a stoichiometric excess of metal) 
were found to be in substantial agreement with 
theoretical prediction between 97 K and 617 K. 
The activation energies thus evaluated were, 
however, < those obtained from the measurement 
of resistivity at different temperatures. This and 
other problems in connection with the interpre- 
tation of activation energies are discussed in the 
light of Lichtenecker’s theory of solid mixtures. 

392. HeniscH, H. K. Thermoelectric measure- 
ments on semiconductors. Phys. Soc. Proc. 64B: 
1014, Nov. 1951. 

The author clarifies some misunderstandings. 


Abstracts 


393. HERRING, G., GeBALLE, T. H. and 
KuNzter, J. E. Analysis of phonon-drag thermo- 
magnetic effects in 1-type germanium. Be// Sys. Tech. 
J. 38: 657-747, May 1959. 

Describes a study which has been made of the 
Nernst effect and the variation of thermoelectric 
power with magnetic field for single-crystal 
samples of n-type germanium of various orienta- 
tions and impurity concentrations, at fields up to 
18,000 gauss and temperatures from 275-60 K and 
below. Part 2 of a study of which Part Lis Item 219, 
May 1959 issue. 

394, HERRING, C. Role of low energy phonons 
in thermal conduction. Phys. Rev. 95: 954—965, 
Aug. 15, 1954. 

Phonon-phonon collisions in which one of the 
phonons is of low-frequency have become im- 
portant for understanding of the thermoelectric 
powers of semiconductors at low temperature. 
Such collisions are also interesting from the stand- 
point of thermal conductivity. It is shown here 
that elastic anistropy has a drastic effect on the 
collision probabilities of modes of very low 
frequency. 

The role of low-frequency 
and thermal con- 
Colloquium Semi- 
Proceedings, 1956, 
Publishers 


395. HERRING, C. 
phonons in thermoelectricity 
duction. International 
conductors & Phosphors, 
p. 184-235, New York Interscience 
1958. 

Covers a variety of transport phenomena ob- 
servable in semiconductors, namely, those which 
are associated with departure of the low-frequency 
part of the phonon system from its normal 
isotropic equilibrium distribution. 

396. HERRING, C. Theory of the thermoelectric 
power of semiconductors. Phys. Rev. 96: 1163-1187, 
Dec. 1, 1954. 

Contributions of phonon effect below room 
temperature; phonons streaming from hot to cold 
junctions in thermal conduction are assumed to 
exert drag on charge carriers and to account for 
marked rise in thermoelectric power with de- 
creasing temperatures. 

397. HERRING, C. Transport properties of a 
many-valley semiconductor. Bell Sys. Tech. J. 34: 
237-290, Mar. 1955. 

In the semiconductor conduction-band model 
discussed, the energy of an electron, considered as 
a function of its wave-number vector, has a 
number of minima, or “valleys”. For the valence 
band the conditions are inverted. For models of 
this type the theory is developed for (a) mobility 
and its temperature dependence, (b) thermoelectric 
power, (c) piezoresistance, (d) Hall effect, (e) 
hf dielectric constant, and (f) magneto-resistance. 

398. Hirose, Atsuo. Mathematical theory of 
multi-dimensional thermoelectricity with some 
experimental proofs. Jnst. Elec. Engrs. (Japan) J. 
74: 1056-1062, Sept. 1954. 

The author solves current distributions in long 
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bimetal springs and wide plates, giving their 
temperature distributions. He also reports some 
experimental researches. 

Lengthy abstract appears in Japan Sci. Rey. 
Mech. and Elec. Eng. 1: 407, June 1955. 

399. Houston, W. V. Electron theory of thermo- 
electric effects. J. Appl. Phys. 12: 519-529, Jly. 
1941. 

The thermoelectric effects considered are the 
thermoelectromotive force, the Peltier effect, and 
the Thomson effect. 

400. Howartn, D. J. and SoNpDHEIMER, E. H. 
The theory of electronic conduction in polar semi- 
conductors. Roy. Soc. Proc. London, 219A: 53-74, 
Aug. 11, 1953. 

The present problem has been considered before 
by several authors, but many of the results which 
have been given are either incorrect or only correct 
within certain limits. By solving the Boltzmann 
equation for the velocity distribution function of 
the conduction electrons in a crystal in which the 
scattering is due to the polarisation waves of the 
lattice exact expressions are obtained for the 


electrical conductivity and the thermoelectric 


power in the form of ratios of infinite determinants. 
Simple approximate solutions are derived and are 
used in the discussion of the dependence of con- 
duction phenomena upon the temperature and 
upon the degree of degeneracy of the electron gas. 


401. Iorre, A. F., AtRAPETYANTS, S. V., JOFFE, 
A. V., Kotemoets, N. V. and Stit’sBans, L. S. 
On improving the efficiency of semiconductor 
thermoelements. Akad. Nauk. SSR. Dok. 106: 
981, Feb. 21, 1956. 

In Russian. 

Translation appears in Infosearch Tech. Lit. 
Info. Serv. Russian Lit. Survey SEM-1-56, p. 3. 

Consideration of semiconductors in thermo- 
electric generators and refrigerators leads to three 
requirements: (1) discovery of materials with a high 
ratio of electrical carrier mobility to lattice thermal 
conductivity; (2) carrier concentrations which will 
result in the optimum thermal emf of +200 
uV/degree; (3) further increasing the above ratio 
in these materials. This might be done by making a 
binary material using a second element as an 
impurity which crystallises in the same system as 
the first in such a way that the electrical mobility 
is little affected but the thermal conductivity is 
reduced. 

402. Iorre, A. F. Certain correlations pertaining 
to the heat conductivity of semiconductors. Akad. 
Nauk. SSSR. Dok. 97: 821-822, 1954. 

In Russian. 

The phonon part of thermal conductivity of 
semiconductors must decrease with increasing 
atomic weight. The quantitative results obtained 
by the authors confirm this prediction. 

403. Iorrer, A. F. Evaluation of the heat con- 
ductivity of semiconductors. Akad. Nauk. SSSR. 
Dok. 87: 369-372, Nov. 21, 1952. 
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Formulas are given for determining heat 
conductivity from the modulus of elasticity, 
density, and atomic or molecular weight of the 
material. 

404. lorre, A. F. Further development of the 
theory of semiconductors. Soviet Phys. Tech. Phys. 
2: 1049-1054, June 1957. 

Trans. of Russian article in Zhurn. Tekh. Fiz. 

A survey and analysis of the many successful 
attempts at theoretical representations of indi- 
vidual features of certain types of semiconductors 
which still remain to be unified, and amplified 
before a general theory can emerge. It is already 
possible to separate characteristics pertaining only 
to certain ranges and types from those common to 
to semiconductors as such. 

405. lorre, A. F. Heat transfer in semiconduc- 
tors. Can. J. Phys. 34: 1342-1355, 1956. 

Measurements of thermal and electrical con- 
ductivity in a number of semiconductors are 
reported and discussed. 

406. lorre, A. F. Properties of various semi- 
conductors. Phys. & Chem. Solids 8: 6-14, figs.. 
1959, 

(Proceedings of 1958 International Conference 


all types, Le., 


on Semiconductors). 

A general article indicating that problems of 
thermoelectric cooling, heating and energy pro- 
duction have become a promising field of research, 


407. JOHNSON, V. A. and LARK-Horovitz, K. 


Theory of thermoelectric power in germanium. P/rys. 
Rev. 69: 259, 1946. 
Gives an equation for intrinsic thermoelectric 


power. 

408. JoHNSON, V. A. and LARK-Horovitz, K. 
Theory of thermoelectric power in semiconductors 
with applications to germanium. P/iys. Rev. 92: 
226-232, Oct. 14, 1953. 

The thermoelectric power Q of a semiconductor 
is found by calculating the Thomson coefficient 
o T=T dQ/dT. 

409. JOHNSON, V. A 
effect in semiconductors. /n Gibson, A. F. 
Progress in Semiconductors, v. I, p. 

London, Heywood, 1956. 

Review of theory of thermoelectric power. 

410. JouNSON, V. A. Thermoelectric power in a 
semiconductor showing high-temperature de- 
generacy. Semiconductor Ash. 3: 1159, 1955. 

Abstract only of paper given at meeting of the 
American Physical Society, Chicago, Ill., Nov. 
25-26, 1955. 

“The narrowness of the forbidden energy band 
in intermetallic compounds makes it probable that 
the electron gas at room temperature and above 
will be sufficiently degenerate to require the use of 
Fermi—Dirac statistics in expressions for the elec- 
trical properties. The thermoelectric power of a 
semiconductor obeying Fermi-Dirac statistics, 
considering both holes and electrons, is given for 
the case of lattice scattering by acoustical modes. 


Theory of the Seebeck 
al, 
63-97, 


Abstracts 


Fan and Spitzer have found optical evidence for 
the combination of acoustical and optical modes 
of scattering in indium antimonide. Hence the 
thermoelectric power for optical mode. 


411. Jones, H. The thermoelectric power of 
monovalent metals. Phys. Soc. Proc. 68A: 1191 
1193, 1955. 

It is the purpose of this note to point out that 
the thermoelectric power is sensitive to the form 
of the Fermi surface, and that it is not necessary to 
have the conditions usually associated with “hole 
conduction” to obtain a positive value. 


412. Justi, E., M. and Laurtz, G. 
On the dependence of the thermoelectric power of 
thin metal films on their thickness. Naturwiss. 38: 
475-476, 1951. 

In German. Not examined. 

A theoretical and experimental examination 
has been made of the effects of film thickness on 
the thermoelectric power of films of Bi and Pb as 
measured against Cu. It is concluded that the 
effects cannot be explained theoretically on a 
thermodynamic basis, but can be accounted for in 
terms of electron theory. 


413. Justi, E., KOHLER, M. and Lautz, G. 
Theory of the absolute thermoelectric power of 
thin metal films and wires. Z. Naturforsch. 6a: 
544-550, Oct. 1951. 

In German. 

rranslation available in Library, British Scienti- 
fic Research Association, no. 139. 

Formulae are developed by assuming that the 
electron reflection at the boundaries is (a) com- 
pletely diffuse, or (b) partially elastic. It is found 
that a variation of the absolute thermoelectric 
power with thickness indicates a variation of 
electronic mean free path with energy, and may 
thus give valuable information. Experimenta! 
measurements with lead and bismuth agree well 
with the theory; values of the mean free paths are 
calculated. It is shown that the Weidemann-Franz 
law should still hold. 


414. Justi, E., KOHLER, M., and Lautz, G. 
The thermoelectric power of metal films. Z. Naru- 
forsch. 6a: 456-459, Aug. 1951. 

In German. 

The thermoelectric power of films of Bi relative 
to Cu was found to diminish with diminishing film 
thickness. At a thickness of 100 A it was only 
about 14°, of the normal value. The theory is 
discussed. 


415. KAMMERER, KAMILLO. The description of 
thermoelectric phenomena by a_ temperature- 
entropy diagram. Amn. Physik. 85: 948-958, 1928. 

In German. 

The treatment of thermoelectric effects by the 
graphical method of Gibbs leads to a generalisation 
of the thermodynamic laws covering thermo- 
electric effects. 
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416. Kiemens, P. G. The contribution of pho- 
nons to the Thomson coefficient. Australian J. Phys. 
7: 520-522, Sept. 1954. 

Note. The contribution up is estimated analy- 
tically. For semiconductors zp may be appreciable 
and in general is proportional to the lattice thermal 
conductivity. 

417. Kuincer, M. I. and Zozurya, Yu. I. On 
the theory of semiconductors with an excited 
impurity-band. Zhurn. Tekh. Fiz. 27: 2285-2290, 
Oct. 1957. 

In Russian. 

The Hall constant, conductivity, and thermo- 
emf are calculated taking into account excitation 
and the anistropies of dielectric constant and 
effective mass. The results are similar to those 
obtained assuming a fundamental impurity band, 
and help to explain the existence of impurity 
bands at low impurity concentrations. 


418. Kiincer, M. I. Theory of transport 
phenomena in semiconductors. Zhurn. Tekh. Fiz. 
27: 2780-2783, Dec. 1957. 

In Russian. 

A letter. By introducing the temperature and 
chemical gradients in the equation of the flow of d 
matrix first employed by Kubo and Tomita 
(Phys. Soc. Japan J. 9: 888, 1954) for obtaining a 
general expression for the electrical conductivity 
tensor, general expressions for the tensors of 
thermoelectricity Peltier heat and thermal con- 
ductivity, are derived. 

419. Kocuer, G. Measurements of the 3rd- 
order thermoelectric single-material effect (1st 
Benedicks effect). Ann. Physik. 16: 210-226, Sept. 
1955. 

In German. 

The coefficient c, in the formula u=c, At, 
where uv. is the emf and ,\t is the temperature 
difference, was determined experimentally using 
small rectangular loops of Pt, Au and Ag, heated 
and cooled at two diametrically opposite points. 
For a loop of dimensions 38—58 mm made of 
materials with cross-section 4 mm®, the value of c* 
was about 10-14 V/deg. for Pt, —4-6 
10-'5 for Au, and —2-6 10-'° for Ag. 


420. KOHLER, MAx. Reduktion der thermo- 
kraefte auf ideale reinheit der metalle. (Calculation 
of the thermoelectric force for ideal purity of 
metals). Z. Physik. 126: 481-494, figs., 1949. 

In German. 

It has previously been shown that for metals of 
varying purity, following the laws of Mathiessen 
and of Griineisen and Goens, € (l-p) 
where € is the thermoelectric power as measured, 
€; is the thermoelectric power for the pure metal, 
€, is a thermoelectric contribution arising from 
lattice defects and impurities, and p is a constant 
depending on the residual resistance of the metal 
and the temperature. From experiments on metals 
of varying impurity content, €,, €; and p may be 
determined from measured values of € at different 


temperature. The calculated values of g; and even 
their signs are not in good consistent agreement, 
and a derived qualitative relation is found to fit the 
experimental results better. For several metals 


(Au, Ag, Cu) €/e © is found to yield a universal 
value as a function of reduced temperature T/® 
for values of T/© greater than 0-5, © being the 
characteristic temperature. Below 0-5, there are 
significant differences between different metals. 


421. Kontorova, T. A. Limits of practical 
application of Pisarenko’s formula. Zhurn. Tekh. 
Fiz. 24: 1291-1297, Jly. 1954. 

In Russian. 

Pisarenko’s formula expresses thermoelectric 
power in terms of charge-carrier concentration and 
effective mass and of absolute temperature. A 
constant factor is included to take account of 
scattering of the charge carriers in the crystal; its 
value depending on the type of scattering and 
crystal lattice. Calculations show that the errors 
are small (<5°%) up to carrier concentrations of 
about 2 10!* in atomic-lattice and 7:2 « 10!* in 
ionic-lattice crystals at 300 K. The errors are 
discussed, and compared with those of other 
formulae. Results are tabulated. 


422. Konrorova, T. A. Temperature depen- 
dence of thermoelectric power of impurity semi- 
conductors. Zhurn. Tekh. Fiz. 24: 1687-1696, 
Sept. 1954. 

In Russian. 

Theoretical considerations show that the large 
values of the thermoelectric power observed by 
Frederikse and others at very low temperatures 
can be accounted for by accepted theory, assum- 
ing the electron gas to be highly degenerate in 
that region. The maximum occurs at the transition 
from the degenerate state to the “classical” state. 


423. Korzu, P. D. The thermoelectromotive 
force of some elements at the characteristic tempera- 
ture. Shornik Nauch. Trudov Magnitorgorsk. 
Gorno-Met. Inst. No. 7: 373-375, 1954. Referat. 
Zhurn. Met. No. 5815, 1956. 

In Russian. Not examined. 

“From the electronic theory of metals, an 
expression was derived for specific thermoelectro- 
motive force (1). I was calculated at room tempera- 
ture and at characteristics temperature 0. The 
values of I for Pb were compared with the values 
obtained by empirical relations. Coincidence of 
theoretical and experimental data for | at tempera- 
ture 0 for the metals of the same group of the 
periodic system of elements was observed.” Chem. 
Abs. 51: 14344, 1957. 


424. Laurita, E. On the thermoelectric proper- 
ties of the impurity semiconductors. Acad. Sci. 
Fennicae, Ann. 178A: 11 p., 1955. 

In Russian. 

Formulas for the Seebeck, Peltier, and Thomson 
coefficients of impurity semiconductors are derived 
on the basis of statistical theory of conductivity 
as developed by Shockley. For a Ge p-n junction at 
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power is 


thermoelectric 
degrees K. 


room temperature the 


found to be about 2 my 


425. Laurz, G. Zur theorie der differentiellen 
thermokraft von halbleitern. (Contribution to the 
theory of the thermoelectric power of semicon- 
ductors). Z. Naturforsch. 8A: 361-371, June 1953. 

In German, Translation No. 58-1250 available 
at Special Libraries Association Translation 
Center, Crerar Library, Chicago, Il 

Two formulas are derived for determining the 
Fermi level, the one applicable at the low tem- 
peratures associated with impurity semiconduction 
and the other applicable at the medium and high 
temperatures associated with the transition from 
impurity to intrinsic conditions and with purely 
intrinsic Expressions for the 
thermoelectric power are derived which are valid 
over a wide temperature range. These can be used 
to determine activation energy, width of energy 
gap and apparent mass of charge carriers. The 
limits of validity of the approximate formulas are 
demonstrated by comparison with exact solutions 
for two examples. Some experimental results on 
the temperature dependence of the thermoelectric 
power are discussed, showing qualitative agree- 
ment with the theoretical results. 


semiconduction. 


426. Leecu, J. W. Irreversible thermodynamics 
and kinetic theory in the derivation of thermo- 
electric relations. Can. J. Phys. 37: 1044-1054, 
Sept. 1959. 

The variety of experimental behaviour found in 
thermoelectricity at low temperatures provides an 
incentive for extending the theoretical treatment. 
In the past, irreversible thermodynamics has been 
used to provide a satisfactory derivation of the 
Thomson relations. It appears that what one might 
call a general “primary equation” of thermo- 
electricity can be derived from irreversible thermo- 
dynamics, and that this should be of direct use in 
kinetic The form of the equation 
suggests that an even more direct approach to the 
thermoelectric problem should be possible. 


427. Loner, E. Thermoelectricity, thermo-mag- 
netic and galvanomagnetic transverse effects, 
treated from the standpoint of the differential 
equation for the entropy. S. B. Ost. Akad. Wiss. 
Ila, 156: 355-381, 1948. 

In German. 

Ihe standard thermodynamic treatment of the 
subject is summarized and its limitations shown. 
The differential equation for the entropy is derived 
from Maxwell’s second electromagnetic relation, 
and from the solution and interpretation of this 
equation all the thermoelectric properties of metals 
can be deduced, one term of the equation govern- 
ing the heat conduction and the law of Wiedemann 
and Franz. The other effects are similarly treated. 

428. MacDonaLp, D. K. C. and PEARSON, 
W. B. Anomalous electron-scattering in metals. 
Phil. Mag. 45: 491-496, graphs, May 1954. 

Consequences of semi-theoretical equation 


discussions. 


qualitatively accounting for thermoelectric power 
of metals and alloys at low temperatures. 

429. MacDonaLp, D. K. C. Thermoelectric 
power in semiconductors. P/iysica 20: 996-998, 
1954. 

Presented at Amsterdam Conference on Semi- 
conductors. 

The concept of phonon-electron scattering 
suggest that electrons are swept along by the 
lattice waves and may give an additional compo- 
nent of thermoelectric power. The phenomenon is 
analyzed from direct momentum considerations. 
The results indicate the need for thermoelectric 
power measurements tn the helium range so as to 
distinguish between the various processes. 


430. MADELUNG, OrrRieD. Zur theorie der 
thermoelektrischen effekte in  halbleitern. (The 
theory of thermoelectric effects in semiconductors). 
Z. Naturforsch. 13a: 22-25, Jan. 1958. 

In German. Translation No. T-381 
from Army Engr. R & D Laboratory. 

Mathematical analysis of equations to define 
the density of energy flow; use of Boltzmann’s 
principle of immobility. 


431. Mazur, P. Thermopotentials in thermo- 
cells. J. Chem. Phys. 58: 700-702, 1954. 

Thermodynamics of irreversible processes is 
applied to thermocells. Total thermopotential is 
divided for convenience into a homogeneous and 
a heterogeneous component. Some general re- 
lations between thermopotentials of thermocells 
and the temperature coefficients for isothermal 
cells are given. 

432. MeIssNER, W. Remarks on the Ist Bene- 
dicks effect. Ann. Physik 16: 227-228, Sept. 1955. 

In German. 

Comments on paper by Kocher. The coefficient 
c, may be a function of ,\x, the distance between 
the two points with temperature difference At; 
this is of importance when /\x is smaller than the 
mean free path of the conduction electrons. 

433. MILLIKAN, R. A. and Eyrinc, C. F. 
Laws governing the pulling of electrons out of 
metals by intense electrical fields. Phys. Rev. 27: 
51-67, Jan. 1926. 

In the experiments herein related new proof was 
found that the energy of conduction electrons is 
independent of temperature. 

434. MILLIKAN, R. A. and Lauritsen, C. C. 
Relations of field-currents to thermionic currents. 
Natl. Acad. Sci. Proc. 14: 45-49, Jan. 15, 1928. 

New results presented in this paper may be 
stated thus: the application of an external field is 
equivalent to increasing the temperature of the 
electrons within the metal. A general equation is 
offered which seems to embrace all the facts of 
thermionic-currents and field-currents combined. 

435. Mitnes, A. G. and ALFonso, N. Thermo- 
electric concepts for engineers. 19 p., figs., New 
York, American Institute of Electrical Engineers, 
1959. (AIEE Paper CP 60-172). 


available 


Abstracts 


Thermoelectric concepts are presented in terms 
of simultaneous equations involving current and 
heat flows. With the aid of the Onsager theorem of 
statistical mechanics it is shown that the thermo- 
electric effects are reversible and do not contribute 
to entropy change in the closed system. The well 
known thermodynamic relationships between the 
thermoelectric coefficients follow readily. 

To provide some physical understanding of the 
processes involved, the Seebeck, Peltier and 
Thomson effects are explained in terms of the 
energy band structure of a non-degenerate semi- 
conductor. 

Although these explanations do not entirely fit 
the physical conditions of thermoelectric materials 
used in practice, it is considered that they go some 
way to meet the needs for engineering type instruc- 
tion in this subject. 

436. Moore, E. J. On the galvanomagnetic, 
thermomagnetic, and thermoelectric effects in 
isotropic metals and semiconductors. Austral. J. 
Phys. 11: 235-254, June 1958. 

The calculation of the galvanomagnetic, ther- 
momagnetic and thermoelectric effects in those 
isotropic metals and semiconductors which can be 
represented by the two-band model is simplified 
and extended to cases not previously treated. 
General expressions are obtained for effects 


involving time-independent electric fields, magnetic 
fields, and thermal gradients. Analytic formulae 
are given for the istothermal galvanomagnetic 


effects when a high frequency electric field is 
applied together with a time-independent magnetic 
field. 

Throughout, emphasis is placed on coefficients 
which are experimentally or theoretically impor- 
tant. The paper concludes with an appendix on the 
estimation of parameters occurring in the two- 
band model of metals and semiconductors. 

437. Mooser, E., PEARSON, W. B. and Woops, 
S. B. Thermal and electrical properties of semi- 
conductors. /n Conference de Physique des Basses 
Temperatures, Paris, Sept. 2-8, 1955. Proceedings, 
p. 420-424, figs, 1955. 

The recently reported rapid rise of thermoelectric 
power of semiconductors with decreasing tempera- 
ture which is attributed to the interaction between 
phonons and charge-carriers makes them valuable 
subjects for the experimental study of such inter- 
actions. 

438. Mori, H. A quantum-statistical theory of 
transport processes. Phys. Soc. Japan J. 11: 1029 
1044, Oct. 1956. 

A quantum-statistical method of finding mole- 
cular expressions for kinetic coefficients is formu- 
lated so as to be applicable to the case where the 
external disturbance which made a system deviate 
from equilibrium cannot be taken as a definite 
additive term in the Hamiltonian of the system, 
such as the heat conduction and the viscous flow. 
This method provides an extension of the fluctua- 
tion-dissipation theorem to such quantum- 
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mechanical systems. A quantum-statistical ex- 
pression for the entropy of a non-equilibrium 
system is defined so as to be consistent with 
Gibb’s relation, and is shown to give a quantum- 
statistical basis for the thermodynamics of 
irreversible processes. Two ways of applying this 
method to each special system are shown; one is 
concerned with deriving the phenomenological 
equations of motion, and the other with calculating 
the entropy production of the system. Thus, 
quantum-statistical expressions are obtained for 
the relaxation time of an energy transfer between 
two sub-systems and that of momentum relaxation 
phenomena, and for the coefficients of thermo- 
electricity. 

439. Mort, N. F. and Jones, H. The theory of 
the properties of metals and alloys. 326 p., figs., 
Oxford, Clarendon Press, 1936. 

Thermal conductivity and 
p. 305-314. 


440. Mitsovicu, V. M. K teorii kineticheskikh 
iavlenii vy poluprovodnikakh s uzhoi primesnoi zonoi. 
(On the theory of kinetic phenomena in semi- 
conductors with a narrow impurity zone). Z/urn. 
Tekh. Fiz. 28: 1201-1206, June 1958. 

In Russian. 

Effects of the correlation between the electrons 
on the kinetics of the processes in a narrow im- 
purity zone in calculating the compensating im- 
purity. The results were used in drawing formulas 
of electric conductivity of the Hall constant effect 
and to the thermo-emf in semiconductors in the 
presence of a narrow impurity zone. 


441. Norpueim, L. and Gorter, C. J. Bemer- 
kungen ueber thermokraft und widerstand. (Obser- 
vations of thermoelectric force and _ resistance). 
Physica UW: 383-390, 1935. 

In German. 

Any perturbation introduced into a metal will 
give rise to an increased resistance and to a change 
in the thermoelectric power. Under certain cir- 
cumstances a parallelism between these two 
changes may be expected. After a short review of 
the theoretical formulas, the following cases are 
considered from a theoretical as from an experi- 
mental point of view: solid solutions, ferro- 
magnetic substances, cold-worked and _ liquid 
metals. 

442. Ohta, Tokio. Effect of charged dislocation 
on the thermoelectric power of semiconductors. 
Phys. Soc. Japan. J. 15: 197, Jan. 1960. 

Effects of the cylinder of the space charge on the 
T.E.P. of semiconductors. 

443. Parrott, J. E. The effects of heat flow on 
the thermoelectric power in semiconductors. Phys. 
Soc. Proc. 67B: 587-588, Jly. 1954. 

The effects due to conduction of heat by the 
lattice vibrations are considered from a more 
physical approach than the formal treatments due 
to Gurevich and to Frederikse. Reasonable 
agreement with experiment is obtained. 


thermoelectricity, 
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444. Parrott, J. E. Some contributions to the 
theory of electrical conductivity. Thermal conduc- 
tivity and thermoelectric power in semiconductors. 
Phys. Soc. Proc. 70B: 590-607, June 1, 1957. 

[he theory of transport phenomena in semi- 


conductors is extended to include the effects of 


“phonon drag” on electrons and “electron drag” 
on phonons. 


445. PerrierR, A. and BLuMeR, O. Limite 
supericure de leffect Nernst-vy. Ettingshausen et 
du pouvoir thermoelectrique intrinsique du plomb. 
(Upper limit of the nernst-ettingshausen effect and 
the thermoelectric power of lead). Helv. Phys. Acta 
26: 567-568, Nov. 16, 1953. 

In French. 

Thermoelectric effects of lead. 


446. Price, P. J. On the statistical mechanics of 
impurity conduction in semiconductors. 1/BM J. Res. 
& Dev. 2: 123-129, Apr. 1958. 

he case of low donor density with partial 
acceptor compensation is analyzed on the basis of 
the Mott model. An expression for the thermo- 
The special case of 


electric power is obtained. 


donors in disparate proportions is also 


mixed 
considered. 


447. Price, P. J. Theory of transport effects in 
semiconductors: the Nernst coefficient, and_ its 
relation to thermoelectric power. Phys. Rev. 102: 
1245-1251, June 1, 1956. 

Theory presented previously is extended to give 
an expression consistent with that derived by 
Putley for the complete Nernst coefficient. The 
information obtainable from experimental values 
of this coefficient and of the thermoelectric power 
is discussed in the light of the theory. An estimate 
is made of the anomaly in the Nernst coefficient 
due to the phonon drag effect. 


448. Price, P. J. Theory of transport effects in 
semiconductors: thermoelectricity. Phys. Rev. 104: 
1239, Dec. 1, 1956. 

The phenomenological theory of thermoelectric 
effects in a cubic or isotropic electronic conductor is 
developed, and the general formulas obtained are 
applicable to a two-band semiconductor. The 
valuation of data for mixed semiconductors is 
discussed and experimental results for Ge are 
analyzed. The effects of a strong magnetic field 
and of strain are considered. 


449. Ritter, E. S. On the theory of the Peltier 
heat pump. J. Appl. Phys. 30: 702-707, May, 1959. 

Figure of merit for a single stage heat pump is 
optimised in the region of partial Fermi degener- 
acy. A more rigorous treatment is presented of the 
properties of a cascade operating at maximum co- 
efficient of performance. The heat leak in the ab- 
sence of current flow is called to attention as a 
serious problem in devices with excess capacity. 


450. Ropor, 
indium antimonide. 
358-361, 1959. 
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Transport effects in 
& Chem. Solids 8: 


MICHEL. 
Phys. 


Report of International Conference on Semi- 
conductors. 

A theory of thermoelectric, Nernst, and 
magnetothermoelectric phenomena is applied to 
special cases, by assuming various dispersion 
mechanisms to be operative. Comparison with 
experimental data seems to show that in InSb, 
polar dispersion by optical phonons predominates. 
Ihe ambipolar effect is briefly discussed and shown 
to be insensitive to the scattering mechanism. 


451. Rose, F. W. G., E. and Parrott, 
J. E. A simple derivation of the thermoelectric 
voltage in a nondegenerate semiconductor. J. 
Electron. Contr. 3: 481-486, Nov. 1957. 

Only concepts such as Fermi levels, field 
current, diffusion current, etc., are used in the 
derivation. 


452. SamoiLovicu, A. G. and Korens it, L. L. 
Contemporary status of the theory of thermoelectric 
and thermomagnetic phenomena in semiconductors. 
Pt. Il. Usp. Fiz. Nauk. 49: 337-383, Mar. 1953. 

In Russian. 

A review based on the generally prevailing 
“single electron” theory of conduction. 

For Part I entry, see Item 487, May 1959 issue. 


453. Samottovicu, A. G. O prirode termo- 
elektricheskikh iaylenii. (Nature of thermoelectric 
phenomena). Zhurn. Tekh. Fiz. 25: 823-826, May 
1955, 

Mathematical analysis and _ discussion of 
theories. Consideration of the irreversibility of 
thermal conductivity, difference of entropies of 
electrons, and chemical potentials of electrons in 
metals. 


454. SHABANSKI, V. P. Transport processes in 
conductors taking into account non-linear effects. 
Zhurn. Eksp. i Teor. Fiz. 31: 657-671, Oct. 1956. 

In Russian. 

Relaxation processes in the electron lattice 
system analysed and equations obtained for the 
heating of clectron gas in strong electric fields. 
The kinetic equations are solved for particular 
cases and galvanomagnetic and TE phenomena 
discussed. Theory is applicable to semiconductors 
in the region of conduction electron degeneracy. 


455. SONDHEIMER, E. H. Electron-phonon equili- 
brium and the transport phenomena in metals at 
low temperatures. Can. J. Phys. 34: 1246-1255, 
Dec. 1956. 

Points out the fact that the term Qg which 
arises from the non-equilibrium of the lattice 
appears to play an important part in determining 
the thermoelectric behaviour of metals. 


456. SONDHEIMER, E. H. Kelvin relations in 
thermoelectricity. Roy. Soc. London. Proc. 234A: 
391-398, Feb. 21, 1956. 

A general proof is given of the Kelvin relations 
among the thermoelectric effects in conducting 
crystals, the departure from equilibrium of both 
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the electron and the lattice distribution functions 
being taken into account. It is emphasised that the 
theory of the transport phenomena in conductors 
must be formulated so as to treat the mutual 
interaction between electrons and lattice vibrations 
in a fully symmetrical way. 

457. SONDHEIMER, E. H. The theory of the 
galvanomagnetic and thermomagnetic effect in 
metals. Roy. Soc. London. Proc. 193A: 484-512, 
Jly. 21, 1948. 

The methods of a previous paper are used to 
discuss the effect of a magnetic field on the thermo- 
electric power of a metal containing two over- 
lapping energy bands of normal form. Exact 
solutions of the transport equation are obtained 
for the three limiting cases of high temperatures, 
low temperatures and very strong magnetic fields, 
and it is shown that the formulae can be genera- 


lised to give approximate expressions for all 


temperatures and all fields. 


458. SONDHEIMER, E. H. The theory of the 
thermoelectric power of metals. Camb. Phil. Soc. 
Proc. 43: 571-576, 1947. 

Shows that it is possible to set up an expression 
for the thermoelectric power of the same type 
as the interpolation formulas for the electrical 
and thermal conductivities. 

459. SONDHEIMER, E. H. The theory of the 
transport phenomena in metals. Roy. Soc. London. 
Proc. 203A: 75-98, Sept. 7, 1950. 

Exact expressions, valid for all temperatures, 
are obtained in the form of infinite determinants 
for the electrical conductivity, the thermal con- 
ductivity and the thermoelectric power of a de- 
generate gas of quasi-free electrons interacting 
with the ionic lattice of a metal. It is shown that 
the value of the electrical and thermal conductivi- 
ties, in general, exceeds the values given by the 
approximate interpolation formulae given by 
Bloch, Wilson and others, and, in particular, that 
the Griineisen-Bloch formula for the ideal electrical 
resistance is appreciably in error in the region 
close to the Debye temperature. It is further 
shown that the residual and ideal resistances of an 
impure metal are not strictly additive in the region 
where the two are of the same order of magnitude. 
The behaviour of the thermal conductivity is 
shown to agree qualitatively with the discussion 
based on Wilson’s formula given by Makinson; 
the numerical values of the thermal conductivity 
however, are increased appreciably particularly for 
an ideal metal at low temperatures. The thermo- 
electric power is also discussed, but no simple 
results can be given for the intermediate tempera- 
ture range. 

460. STAVITSKAIA, T. S. and STIL’BANs, L. S. 
O vliianii vyrozhdeniia na effektivnost’ polupro- 
vodnikovykh termoelementoy. (Effect of degenera- 
tion on the efficiency of semiconductor thermoelec- 
tric cells). Zhurn. Tekh. Fiz. 28: 484-488, Mar. 
1958. 

In Russian. 
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Translation in Infosearch Tech. Lit. Info Serv. 
Russian Lit. Survey SEM-5-58, p. 10.1—10.5. 
See also Sov. Phys. Tech. Phys. 3: 456-459, Mar. 
1958. 

A comparison of theoretical and experimental 
data. 

461. STRATTON, R. On the elementary theory of 
thermoelectric phenomena. Brit. J. Appl. Phys. 8: 
315-321, Aug. 1957. 

Theory of thermoelectric phenomena is deduced 
from general theory of conduction in metal or 
semiconductor; calculation discussed in detail to 
bring out significance of various thermoelectric 
parameters; all relations between the thermo- 
electric parameters are deduced from physical 
properties rather than by simply carrying out 
mathematical transformations; sources of heat 
and emf are indicated. 

462. TAKENO, SHOzO. Thermoelectric effect in 
univalent metals. Busseiron Kenkyu no. 96: 37-48, 
1956. 

Not examined. 

Mathematical and theoretical. (Chem. Abs. 51: 
5536, 1957). 


463. Tauc, JAN. Note on the theory of the 
anomalous thermoelectric phenomenon semi- 
conductors. Czechoslov. J. Phys. 7: 376-377, 1957. 

In Russian. 

An earlier paper described the anomalous 
variation of the thermo emf, A U, with temperature 
that had been observed in n-type Ge in the case 
when a tungsten point constituted the cold 
electrode, and attributed this effect to the thermo- 
emission of holes. In the present note an expression 
is derived which describes the temperature 
dependence of 4\U and which is in qualitative 
agreement with experimental results previously 
obtained. 

464. TAauc. JAN. On the theory of thermo- 
electricity. Phys. Soc. Japan. J. 14: 1174-1175, 
Sept. 1959. 

The meaning of the inner electrical field inside 
a two-band semiconductor the gap of which 
depends on temperature is discussed in connection 
with the theory of the thermoelectromotive force 
in such semiconductors. 


465. Tauc, JAN and TrousiL, Z. The effect of 
thermal emission of holes on the thermal emf of 
n-type semiconductors. Czechoslov. J. Phys. 3: 
120-125, 1953. 

In Russian. 

On measuring the thermal emf of n-type semi- 
conductors, it was observed that the character of 
the dependence of the temperature was different 
when using a cold point and a heated flat electrode 
from that when using two flat electrodes. This 
effect can be explained theoretically by the follow- 
ing conception. Under the point electrode a large 
temperature gradient is created which, due to the 
diffusion of holes from warmer parts, causes a 
greater concentration of the current carriers in the 
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cooler parts than corresponds to the equilibrium 
value. The potential barrier under the point 
prevents the electrons from entering the contact 
but does not prevent the penetration of the holes. 
The excess of holes causes an electric voltage 
analogous to that in a barrier layer cell. 

466. Tauc, J. Theory 


semiconductors. Czechoslov. J. Phys. 3: 
1953. 


of the thermal emf of 
282-303, 


After a discussion of the present theory of the 
thermal emf of semiconductors, the theory is 
extended to non-homogeneous semiconductors. 
Its relationship to thermodynamics is discussed, 
and it is then applied to the study of the influence 
of potential barriers. Further cases are discussed 
in which the velocity or the concentration of 
electrons does not conform to a state of thermal 
equilibrium as in the case of diode-type barriers or 
for injected current carriers. The results are 
applied to a discussion of the influence of high 
temperature gradients. The influence of minority 
current carriers on thermal-emf is systematically 
treated. Equations are derived and the magnitudes 
of certain anomalous effects are estimated. Some 
of these have not yet been experimentally observed. 

467. Tauc, J. Theory of thermoelectric power in 
semiconductors. Phys. Rey. 95: 1394-1402, Sept. 15, 
1954. 

Corrects error in paper by Johnson and Lark- 


Horowitz by calculating the TE power directly 
from the electrical current density expression. A 


general equation for TE power is given which 
holds for semiconductors with one or two kinds 
of current carriers in thermal equilibrium governed 
by classical or Fermi—Dirac statistics. 


468. Tauts, A. Thermoelectric phenomena in 
semiconductors with a non-equilibrium concen- 
tration of current carriers. /zvest. Akad. Nauk. 
SSSR. Ser. Fiz. 21: 1957, p. 1479-1483. 

In Russian. 

Paper given at 8th Conference on semicon- 
ductors at Leningrad, Nov. 15-21, 1955. 

Thermal emf measured on a Ge single-crystal 
surface with a W point is quite different from the 
emf measured with flat electrodes because in this 
case a nonuniform distribution of holes tends to 
change the sign of the charge on the point contact. 
In this case the nonuniform distribution ts due to a 
temperature gradient. In the region of the tem- 
perature drop the concentration of minority 
carriers is a nonequilibrium value which leads to a 
further correction for the observed emf. An 
experimental installation is described to determine 
the emf dependence on temperature gradient in 
Ge single crystals. A nonuniform hole concen- 
tration can also be produced by illumination. If 
illumination is combined with a _ temperature 
gradient, a new effect (“thermal photoeffect’’) is 
obtained. A photovoltaic voltage is produced. The 
emf difference is given by formula and an experi- 
mental value was obtained in preliminary tests. 


Abstracts 


469. Ter Haar, D. and Neaves, A. On the 
thermal conductivity and thermoelectric power of 
semiconductors. Ady. in Phys. 5: 241-269, Apr. 
1956. 

A comprehensive discussion of scattering 
mechanisms in semiconductors, neglecting the 
influence of deviations from spherical energy 
surfaces and of many-lectron phenomena, and 
assuming only one type of carrier to be present. 
Six temperature ranges are hence distinguished; 
expressions are derived for the thermal conducti- 
vity and thermoelectric power in each range. The 
theoretical results are in qualitative agreement 
with such experimental results as are available. 

470. Ter Haar, D. and Neaves, A. On the 
thermoelectric power of metals. Roy. Soc. London. 
Proc. 228A: 568-574, Mar. 22, 1955. 

A theoretical paper based on a method employed 
by Makinson. An expression is derived for the 
contribution of the lattice current to the thermo- 
electric power of metals at temperatures where 
electron-phonon scattering predominates. In this 
range the thermoelectric effect will be of opposite 
sign to that which follows from simple electron 
theory of metals. The effect discussed cannot 
explain the known behaviour of alkali metals 
completely. 

471. Ter Haar, D. On the transport properties 
of metals and semiconductors. Physica, 22: 61-68, 
Jan. 1956. 

Simple kinetic theory is used to derive approxi- 
mate expressions for the thermal conductivity, 
electrical conductivity, thermoelectric power, 
Hall constant, and magneto-resistance of metals 
and semiconductors. 


472. THOMSON, WILLIAM. On the dynamical 
theory of heat. Part V. thermo-electric currents. 
Roy. Soc. Edinburgh. Trans. 21: 123-171, figs., 
1857. 

The object of the present communication is to 
extend the theory of electric currents (communi- 
cated to the Royal Society, Dec. 15, 1851) to the 
phenomena of thermoelectricity in crystalline 
metals. 


473. To_pyGo, K. B. and FEDORCHENKO, A. M. 
Interaction between an electron hole and lattice 
oscillations in a homopolar crystal. Zhurn. Eksp. i 
Teor. Fiz. 31: 845-853, Nov. 1956. 

In Russian. 

Motion of a hole in a homopolar crystal of the 
diamond type is considered on the basis of the 
many-electron Schrodinger equation. The presence 
of a hole was taken into account by replacing a 
single pair bond by a one-electron bond, with the 
result of an additional force which tends to deform 
the crystal. The corresponding term in_ the 
Hamiltonian was interpreted as the interaction 
between the hole and the lattice dislocations. The 
significance for the problem of autolocalisation of 
the hole of the forces which thus arise, the scatter- 
ing of current carriers by lattice vibrations and the 
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theory of mobility, the thermo-emf and the Nernst 
effect, are also discussed. 

474. Tsus, Mikio. Electron transport in metals. 
Phys. Soc. Japan J. 12: 828-829, 1957. 

Author extends and corrects Barrie’s calculation 
(Phys. Rev. 103: 1581, 1956) of the change pro- 
duced in the conductivity and thermoelectric 
power of metals when the Bohm-Pines E,/k curve 
is used instead of the usual parabolic one. Arbi- 
trary temperature and impurity concentrations are 
considered. Deviations of the band structure from 
the free-electron model have an important effect 
on the thermoelectric power. 

475. Tsun, Mikio. Localized electron model and 
thermoelectric power. Phys. Soc. Japan J. 14: 1640, 
Nov. 1959. 

Note. “From his analysis of the results of the 
measurements of the electrical conductivities and 
the thermoelectric powers of a-Fe,O,, and NiO, 
Morin has derived a conclusion that the mobilities 
of the carriers of the crystals have a strong 
temperature dependency which should be described 
in terms of activation energies for the transport of 
carriers. In the present note, we shall derive a 
formula of the thermoelectric power of a crystal 
in which carriers are tightly bound to ions and the 
jumping of a carrier from one ion to another need 
an activation energy, and show that Morin’s 
analysis is not satisfactorily consistent.” 


476. Tsui, Mikio. The thermoelectric, galvano- 


magnetic and thermomagnetic effects of mono- 
valent metals. }. Phys. Soc. Japan. J. 13: 133-148, 
Feb. 1948. 

Theory is based on model of general spherical 
energy band. Effect of the Umklapp processes on 
time of relaxation at high temperatures is in- 
vestigated. 


477. Tsun, Mikio. The thermoelectric, galvano- 
magnetic and thermomagnetic effects of mono- 
valent metals. II. The thermoelectric powder (SIC) 
for anisotropic media. Phys. Soc. Japan. J. 13: 
818-827, Aug. 1958. 

In Part II, the thermoelectric power at low 
temperatures is calculated for an arbitrarily 
anisotropic energy band. The results show that 
there is a possibility to give positive thermoelec- 
tric powder (sic) for pure metals at low tempera- 
tures if the shape of the energy surface is appro- 
priate. The relation with the spherical band model 
used in Part I is discussed also. 

478. Tsust, Mikio. The thermoelectric, galvano- 
magnetic and thermomagnetic effects of mono- 
valent metals, IV. Effect of the non-equilibrium 
distribution of the phonons. Phys. Soc. Japan. J. 
14: 618-632, May 1959. 

The effects of the non-equilibrium distribution 
of the phonons on the electrical and thermal 
conductivities, thermoelectric power, and trans- 
verse galvano- and thermomagnetic effects of 
metals are calculated. It is shown that Onsager’s 
reciprocal relation holds, actually, in the case of the 
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non-equilibrium distribution of the phonons with 
presence of a magnetic field. For the spherical 
band model, the effect on the Ettingshausen- 
Nernst coefficient is not so large as appeared in 
literatures. For an anisotropic band model, the 
phonon drag terms appear in the Ettingshausen, 
Ettingshausen-Nernst and  Righi-Leduc  co- 
efficients. 

479. Ure, R. W. Effect of impurity scattering on 
the figure of merit of thermoelectric materials. J. 
Appl. Phys. 30: 1922-1924, Dec. 1959. 

The thermoelectric figure of merit z=a2/pK is 
calculated for an extrinsic semiconductor with 
mixed acoustic-mode lattice scattering and ionised- 
impurity scattering. The resu!t is compared to the 
value for pure acoustic-mode scattering. As the 
amount of ionised-impurity scattering is increased, 
the figure of merit increases by less than 10°, and 
then falls slowly. 

480. VAN Der Pauw, L. J. and Po.per, D. 
Photo-thermoelectric phenomenon in semiconduc- 
tors. J. Electron. 2: 239-240, Nov. 1956. 

Reference to effect in which thermoelectric 
power is influenced by external light; pheno- 
menon has previously been calculated under 
assumption that energy gap between conduction 
band and valence band is independent of tem- 
perature; by calculating difference of Fermi levels 
of hot and cold part of semiconductor new 
expression is derived for photothermoelectric 
phenomenon. 

481. VERSCHAFFELT, J. E. The thermodynamics 
of thermoelectricity. Il. Acad. Roy. Belge. Bull. 
Classe. Sci. 35: 193-206, 1950. 

In French. 

The ideas of the author’s first paper are further 
developed. The fundamental equations for a 
crystal with both translational and rotational 
anisotropy are established, and the Bridgman effect 
is explained in terms of the tensor character of the 
entropy. It is considered that the tensor is sym- 
metrical and in the case of simple rotational 
anisotropy it becomes a scalar. 

482. VuL, B. M. Breakdown of transition layers 
in semiconductors. Zhurn. Tekh. Fiz. 26: 2403-2416, 
Nov. 1956. 

In Russian. 

The electrical, thermal, and thermoelectric 
factors in the breakdown of a p-n junction are 
discussed theoretically. 

483. Witson, A. H. The theory of metals. 
346 p., figs., Cambridge, University Press, 1933. 

The thermoelectric effects, p. 202-208. 

484. WiLtson, A. H. Transport phenomena in 
metals. Physica 24: S98-S101, Sept. 1958. 

Discusses the thermoelectric force at normal 
temperatures. 

485. WRIGHT, R. W. The effect of the mean free 
path of electrons of the electrical properties of non- 
metals. Phys. Soc. Proc. 64B: 984-999, Nov. 1, 
1951. 
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The theories of the mean free path of electrons 
in various types of materials, under various 
conditions, are discussed. The conductivity, 
thermoelectric power, Hall coefficient, fractional 
change of conductivity in a magnetic field, and the 
Nernst, Ettingshausen, and Righi-Leduc co- 
efficients are all calculated upon the Lorenz- 
Sommerfeld theory for the various mean-free-path 
theories. The variations are discussed with parti- 
cular respect to the changes of reduced chemical 
potential. Experimental evidence is discussed and 
is found in general to support the theory given, 
both in impurity metals and semiconductors, 
except perhaps in the case of the thermoelectric 
power. 

486. YAMASHITA, JiRO. Theory of thermoelectro- 
motive force in semiconductors. Phys. Soc. Japan. J. 
4: 310-215, 1949, 

An attempt to obtain improved formulae for the 
temperature dependence of the thermoelectric 
power of semiconductors. The Boltzmann equation 
of state is quoted in a general form and solved for 
the free electron The expression for the 
thermoelectric power differs from the usual one 
and is in satisfactory agreement with experiments 
on ZnO and Cu,O. An expression derived on the 
assumptions that two types of impurity centres 
are present is capable of explaining turning points 
and approximately horizontal portions of the 
characteristics. 

487. YurKov, B. YA. On the theory of semi- 
conductor energy converters. Zhurn. Tekh. Fiz. 28: 
1365-1370, Jly. 1958. 

Translation in 
Survey SEM-7-59 

On the basis of the theory of electron energy 


case. 


Infosearch Ltd. Russian Lit. 
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losses proposed by Spencer. a theory is evolved for 
a semiconductor converter of the energy of mono- 
energetic electrons into electrical energy. An 
expression convenient for practical calculations is 
derived for the generation current (short circuit 
current) of the converter. 

488. ZENER, CLARENCE. D-band and mixed- 
valency semiconductors. Phys. & Chem. Solids 8: 
26-28, Jan. 1959. 

Proceedings of 1958 International Conference 
on Semiconductors. 

The concept of electrical conduction by the 
activated jumping of localised charge carriers leads 
to certain predictions. One of them relates to the 
thermoelectric power of doped transition-metal 
oxides. 


489. ZIL’BERMAN, G. E. Thermo- and galvano- 
magnetic effects in strong fields at low tempera- 
tures. Zhurn. Eksp. i Teor. Fiz. 29: 762-769, Dec. 
1955. 

In Russian. 

Thermoelectric force, Hall effect of a metal in a 
magnetic field at low temperatures are calculated 
using a two-zone model of the metal. 


490. ZIMAN, J. M. The thermoelectric power of 
the alkali metals at low temperatures. Phi/. Mag. 4: 
371-379, Mar. 1959. 

The effect of phonon drag is calculated, taking 
account of electron-phonon Umklapp processes. 
and anisotropy of the Fermi surface. For Na, the 
observations are perfectly fitted with a spherical 
surface. For K, Rb and Cs, the surfaces must 
bulge more than halfway towards the faces of the 
Brillouin zone, while in Li it probably touches the 
zone boundary. 


MATERIALS 


(Properties) 


491. M.S. and ReGer, A. R. Thermo- 
electric power of germanium near the melting point. 
Zhurn. Tekh. Fiz. 27: 2170-2172, Sept. 1957. 

In Russian. 

Trans. in Sov. Phys. Tech. Phys. 2: 2012-2013, 
Sept. 1957. 

Careful measurements of the thermoelectric 
power of germanium were made up to about 
850-900 C. and the results extrapolated to the 
melting point. Values of order 5 to 100 
uV/deg.C were obtained and seemed to indicate 
that the actual value was determined by the degree 
of constraint in the specimen which was still 
marked, even at high temperatures. The more 
compressed the sample, the lower was the thermo- 
electric power. The results are consistent with the 
well-known increase in acceptors in Ge brought 
about by plastic deformation. 

492. ABRAHAMS, M. S., BRAUNSTEIN, R. and 
Rosi, F. D. Thermal electrical and optical! pro- 
perties of (In, Ga)As Alloys. Phys. & Chem. Solids 
10: 204-210, illus., Jly. 1959. 

The (In, Ga)As system exhibits complete solid 
miscibility. Homogeneous alloys were produced 


across the entire system by using the method of 


zone-levelling. Physical measurements hsow that 
the lattice thermal conductivity decreases markedly 


with alloying and exhibits a minimum value of 


about 0-05 Wdeg.-! cm=! at an alloying composi- 
tion of about 50°,,. The thermoelectric power varies 
linearly with the logarithm of the carrier concen- 
tration for non-degenerate crystals, and from these 
data it appears that the “density of states mass” is 
independent of alloying. The mobility of electrons 
decreases monotonically with increasing per- 
centages, up to about 70°, of GaAs. The band gap 
varies continuously with composition, and a con- 
cave upward dependence is observed on going from 
InAs to GaAs. 

493. ABRIKosov, N. K. and BANKINA, U. F. 
Termoelektricheskii svoistva soedineniaa CrSb,. 
(Thermoelectric properties of the compound 
CrSb.). Akad. Nauk. SSSR. Dok. 108: 627-628, 
June, 1956. 

In Russian. 

The temperature coefficient of thermoelectric 
force of this semiconducting compound varies 
between —81uV/°C. at 18 C. and —22uV/°C. at 
437 C., the conductivity at these temperatures 
being 6-4Q-!. and 43 -5Q. cm-', respectively. 
Results of measurements between these tempera- 
tures are tabulated and the effect of a small varia- 
tion of the composition of the compound on the 
conductivity and thermoelectric force at 550°C is 
shown graphically. 

494. Aprikosov, N. DyuL’pINa, K. A. and 
DANILYAN, T. A. The SnTe-PbTe System. Zhurn. 
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Neorg. Khim. 3: 1632-1636, 1958. 

In Russian. 

The phase diagram and the thermoelectric 
properties of the SnTe—PbTe system were studied. 
For the ternary system Pb-—Sn-—Te, a continuous 
series of solid solutions is formed along the 
SnTe-PbTe diagonal. The conductivity, thermal 
emf and the micro-hardness were determined for 
alloys of SnTe and PbTe having the same type of 
conductivity and having different types of con- 
ductivity. 


495. Asrikosov, N. K., DyUL’pINa, K. A. and 
DANILYAN, T. A. Investigation of the SnTe-PbTe 
system. Zhurn. Neorg. Khim. 3: 1632-1636, 
Jly. 1958. 

Translation in 
Survey SEM-7-59. 

Acontinuous series of solid solutions forms along 
the SnTe—PbTe section in the ternary system 
Pb-Sn-—Te. The equilibrium diagram is lenticular 
in shape. 

Electrical conductivity and thermal emf of alloys 
prepared from SnTe and PbTe specimens with the 
same type of conductivity vary along smooth 
curves with the convex side facing the axis of 
abscissae. 

Variations of properties of alloys prepared 
from SnTe and PbTe specimens with different 
types of conductivity have a complex nature; 
maxima of the absolute value of the thermal emf 
are observed in both portions of the system, the 
maximum being positive for alloys rich in SnTe 
and negative for alloys rich in PbTe. Electrical 
conductivity of the alloys exhibits a minimum. 
Such variations in the properties of the alloys 
may be attributed to the interaction of positive 
and negative current carriers and a reduction of 
their concentration as a result of this interaction, 
which leads, as predicted by theory, to an increased 
absolute value of the thermal emf and a drop in the 
electrical conductivity. 

Article with same title also in Akad. Nauk. 
SSSR. Dok. 123: 279-281, Nov. 11, 1958. 


496. ABrikosov, N. K., VASSERMAN, A. M. and 
PoRETSKAYA, L. V. Investigation of the tin telluride- 
germanium telluride system. Akad. Nauk. SSSR. 
Dok. 123: 279-281, 1958. 

In Russian. 

The SnTe—-GeTe section of the Ge-Sn—Te 
equilibrium diagram was studied by thermal 
analysis, X-ray measurement of the lattice con- 
stant, and measurement of the microhardness (H), 
electrical conductivity (oc), and thermo-emf 
against Cu (a). The equilibrium state of the alloys 
was controlled by examining the microstructure. 
using | : 1 HNO, as etchant. A continuous series 


Infosearch Ltd. Russian Lit. 
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of solid solution is formed, with a minimum 
melting point at ~ 80°, GeTe and 700°C; there 
was a gradual change from the cubic f.c.c. lattice 
of SnTe into the rhombohedral f.c.c. lattice of 
GeTe. H passed through a maximum at ~ 60% 
GeTe, ¢ aminimum at ~ 60 GeTe, and a@ a maxi- 
mum at ~ 20°. GeTe. 

497. Aprikosoyv, N. K. tron-silicon system in the 
FeSi, compound range. Akad. Nauk. SSSR. Izvest. 
Sektora Fiz-Khim. Anal., Inst. Obshchei i Neorg. 
Khim. 27: 157-163, 1956. 

In Russian. Not examined. 

“Alloy samples were prepared from Armco iron 
and 99-95°. pure Si, by fusing the mixtures in the 
required proportion in a high-frequency furnace. 
The samples were microphotographed, and later 
annealed at 1000° for five days; alloys with a 
composition close to FeSi, were also annealed at 
900° for 40 days, and quenched in water. The 
quenched samples were studied metallographically, 
thermographically, by X-ray analysis, and by the 
emf determination vs. Cu. The composition of the 
samples around FeSi, was changed in amounts of 
1°, by weight of Si. A FeSi-+ Se eutectic was found 
to form with about 54°, Si. The shape of the curve 
leads to an assumption of FeSi, decomposing at the 
melting point. The thermoelectromotive force and 
the phase diagram of alloys with 46-66 weight °, 
of Si are reproduced.”’ Chem. Abs. 50: 15380, 1956. 
BANKINA, V. F: 


498. ABRIKOSOV, and 


Study of the phase diagram of the system Bi-Te- 


Zhurn. Neorg. Khim. 3 

In Russian. 

The system Bi—Te (up to 54°, Te) was studied by 
the method of thermal analysis, electrical conduc- 
tivity, thermo-emf and X-ray structural analysis. 
The thermo-emf was measured in relation to Cu 
with a difference of temperature of about 20°. 
The samples were prepared by fusing Bi (reduced 
from oxide, distilled in vacuo) and Te (melted 
under a layer of carbon, twice distilled in vacuo) 
in evacuated quartz ampoules. The duration of the 
experiment was 2—4 months. In the system Bi-Te, 
besides the compound Bi,Te, three intermediate 
phases were found: (1) the phase Bi,,Te,, corre- 
sponding to the composition of the mineral 
khedlite (formed by a peritectic reaction at 312°); 
(2) solid solution based on the compound Bi.,Te, 
spread out over the range 22-5—26°, Te (formed by 
a peritectic reaction at 420°); (3) a similar region 
of solutions within the range 34-42°5°, Te 
(formed by a peritectic reaction at 540). The 
solubility of Te in the compound Bi,Te, is about 
1°.: the solubility of Bi on Te was not found. 

499. Aranes’eV, N. V. Effect of sulfur on the 
effect of selenium. Z/urn. Tekh. Fiz. 19: 225-230, 
1949. 

In Russian. 

S (> 5°) increases the electrical conductivity of 
Se; at 0-60° the conductivity of Se and S-Se 
mixtures increases exponentially with rising 
temperatures. The higher the S content, the smaller 
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the extent by which the work of dissociation and 
conductivity change with S content. The TE co- 
efficient of the couple CuSe—S at 3 to 110° in- 
creases with temperature and decreases with 
decreasing dissociation work, increasing conduc- 
tivity, and increasing S content. The hot ends of the 
Cu-Se and Cu-—S couples acquire a negative 
potential indicating the predominant “hole” 
conductivity of both pure Se and Se-S mixtures. 


500. AGLApzE, R. I. and Moxkuoyv, V. M. 
Alloys of manganese with copper. Akad. Nauk. 
Gruzin. SSR. Soobshcheniya. 15: 33-40, 1954. 

In Russian. Not examined. 

**High-resistance alloys, containing 65-69% Mn, 
the balance Cu, have good hot-and-cold-worka- 
bility. The limiting electric resistivity, p, is 1:79 
1-92 ohm mm?./m.; the temperature coefficient 
of the electric resistivity varies from — 6 10-° to 

6» 1°0° between 25 and 35°; the thermal emf 
of the alloy-Cu couple is not more than | microv 
in 1; the electric resistivity is stable with time 
These properties make the alloy useful in rheostats 
operating at 100-50°. Plasticity of the alloy is 
adversely affected by more than 0:2-0-3°,% Si, 
but not by Al (up to 3-5°%) or Fe (up to 1°), as ts 
the accepted view; up to 0-03°,, S is not harmful.” 
Chem. Abs. 50: 3983, 1956. 


501. AIGRAM, PreRRE, RIGAUX, CLAUDETTE and 
THUILLIER, J. M. Thermomagnetoelectric effects 
in indium antimonide. Acad. Sci. Paris. Compr. 
Rend. 242: 1145-1148, 1956. 

In French. 

Electric conductivity (1), Hall effect, (II), thermo- 
electric effect, (III), and Nernst effect, ([V), were 
investigated for an In—Sb alloy. Above 400°K, 
1 followed the theoretical law A exp (—e/2kT), 
where e was 0:24 eV. The constant of II was zero 
at 313° and reached a minimum at 443°K. Ill 
was in accord with the theory for a semiconductor. 
IV was also in accord with the theory with a 
maximum at 423 K. The good agreement of these 
observations with theory of semiconductors per- 
mits the simple determination of the ratio of the 
numbers of electrons to holes and the mobility of 
each type of carrier. 

Single crystal bismuth 
69B: 606-612, June |, 


502. AINSWORTH, L. 
telluride. Phys. Soc. Proc. 
1956. 

Production of p-type crystals of Bi,Te, by with- 
drawing from the melt in a hydrogen atmosphere; 
thermoelectric power coefficient was 200 to 
215 uV/C even with considerable departures 
from stoichiometric proportions; optical energy 
gap was 0-15 eV; conductivity was 500/ohm-cm. 
parallel to cleavage planes; possible applications 
for thermoelectric devices discussed. 

503. AIRAPETYANTS, S. V. and Erimova, B. A. 
The thermoelectric properties and the bonding in 
the system Bi,Te,+Sb.Te,. Zhurn. Tekh. Fiz. 28: 
1768-1774, Aug. 1958. 

In Russian. 


Abstracts 251 


Based on the analysis of the structure of Bi.Te,, 
Bi,.Se,, Sb.Te,, the conclusion is drawn that in 
Bi,Te, and the alloy Bi,Te, -- Sb,Te, there are 3 
types of bonds; (a) ionic, (b) covalent, and (c) 
weak residual. A study is made of the thermo- 
electric properties of polycrystalline specimens: 
ordering is detected in the solid solution for the 
compositions 1/3 Bi,Te, 2/3 Sb.Te, and 2/3 
Bi. Te, 1/3 Sb.Te,. A method is proposed for 
determing the width of the forbidden band from 
the measurements of thermal emf. 

For translation see Trans. TA-23, Massachusetts 
Institute of Technology, Lincoln Laboratory. 


504. Ames Laboratory, Ames, Iowa. Electrical 
properties of magnesium silicide and magnesium 
germanide, by C. R. Wuitsett and G. C. DANiEL- 
SON. n.p., Jly. 1955. (AEC Rept. ISC-714). 

Single crystals of Mg.Si and Mg.Ge obtained 
and measurements made of electrical resistivities 
and Hall coefficient between 60-1000 K. Both 
compounds behaved typically as excess impurity 
semiconductors and exhibited intrinsic conditions 


above 450 K. 


505. AMIRKHANOV, K. I., BAaGpuev, G. B. 
and KAZHLAEV, N. A. Anisotropy of thermal 
conductivity in a tellurium monocrystal. Akad. Nauk. 
SSSR. Dok. 124: 554-556, Jan. 1959. 

In Russian. 

Cites the results of thermal conductivity 
measurements for monocrystalline tellurium. A 
strongly manifested anisotropy of the thermal 
conductivity is present in the direction of the 
crystallographic axis of the monocrystal; this 
anisotropy decreases as the temperature increases. 
Thus, at a temperature of 100 K, 2 Il (the co- 
efficient of thermal conductivity for a flux directed 
along the cleavage plane) is more than twice the 
value of A 1 (the coefficient of thermal conduc- 
uvity for a heat flux directed perpendicular to the 
cleavage plane). At 500°K, A I! is 1-5 times the 
value of A J. 


506. AMIRKHANOV, K. I. ef al. The effect of 
phonon dragging on thermomagnetic phenomena in 
bismuth selenide. Akad. Nauk. SSSR. Dok. 117: 
781-784, Dec. 1957. 

In Russian. 

Translation in Infosearch Tech. Lit. Info. 
Russian Lit Survey SEM-5-58, p. 12-1—12°-5. 

Measurements were made of the electrical con- 
ductivity, Hall effect, thermal emf, and transverse 
and longitudinal Nernst-Ettingshausen effect in 
polycrystalline Bi,Se, specimens with the aim of 
establishing the influence of phonon dragging. 


Serv. 


507. ANDERSON, J. S. and GrREENWoob, N. N. 
The semiconducting properties of cuprous oxide. 
Roy. Soc. London Proc. 215: 353-370, Dec. 5, 1952. 

A procedure is described for preparing repro- 
ducable specimens of Cu,O at the oxygen-poor 
limit of its composition range. Measurements of 
the electrical conductivity and _ thermoelectric 
power of such specimens are reported for the 


temperature range 20-1030 C. The curves for both 
properties consist of two sections, the discontinuity 
occurring at 355°C in both cases. Below this 
temperature the thermoelectric power has a 
constant value; at higher temperatures it decreases 
and remains characteristic of a  positive-hole 
conductor up to the highest temperatures used. 
The effect of added oxygen was investigated; the 
theoretical implications of the results obtained are 
discussed. 

508. ANpRew, A. and Davipson, C. R. Induced 
thermoelectric potential from radiation damage. 
Phys. Rev. 89: 876, Feb. 15, 1953. 

Letter. It is shown that bombardment of 0-005 
in. iron and constantan wires by 10 MeV protons 
increases the thermoemf’s considerably. Annealing 
the specimens at successively higher temperatures 
restores the original values. 

509. ANDREWAITHA, G. G. and Evans, E. J. 
Hall effect and some other physical constants of 
alloys—the copper-tin series of alloys. Phil. Mag. 
31: 265-282, 1941. 

The thermoelectric power of copper-tin alloys 
with respect to copper varies with composition 
between +1 and —3 microvolts per degree centi- 
grade. 

510. ANprews, J. P. Thermoelectric power of 
cadmium oxide. Phys. Soc. Proc. 59: 990-998, 
Nov. 1957. 

The thermoelectric emf (E) against Pt 
measured over a temperature range of —110 to 
800 C. The results above 100°C are well repre- 
sented by the formula E aT b loge T—C, 
in which the values of the constants A, b, and c 
vary somewhat according to the previous treatment 
of the specimen; their values in a number of 
different experiments are given; their mean values 
are a=0-154, b=3-43, and c=225 (E in mV). 
The results are discussed, and if it is assumed that 
the number of conduction electrons is given by 
n=Be-S/AT, B is found to be 0-034 eV. The sign 
of the thermoelectric power indicates that CdO is 
an excess conductor. (Sci. Abs. 541A: 332, 1948). 

511. ANNAEV, R. G. Anomalous variation of the 
thermo-emf of Ni-Mn alloys in a magnetic field. 
Akad. Nauk. SSSR. Dok. 63: 639-640, June 1948. 

In Russian. 

The longitudinal and transverse Thomson effect 
was studied in Ni-Mn alloys. The observations of 
the effect on pure Ni and on the alloy of 5 at.% 
Mn agreed perfectly with the second law of Akulov 
(Ferromagnetism, Moscow, 1939) whereas in 
the other cases anomalies were observed (shown in 
3 graphs). These may be explained theoretically by 
considering higher terms in the series expressing 
Akulov’s second law, and physically by the 
occurrence of a para-process. (Sci. Abs. 52A: 
6211, 1949). 

512. ANNAEV, R. G. and Ko.Lopin, M. V. 
Measurement of the electrical resistance and 
thermoelectric emf of the alloy Fe,Pt in longitudinal 
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and transverse magnetic fields. Akad. Nauk. SSSR. 
Dok. 87: 195-196, 1953. 

In Russian. 

“The experiments reported earlier have been 
extended to show that heat treatment of the alloy 
can give an ordered or non-ordered system each 
of which has different electrical properties. When 
heated to 1000°C and quenched in water the 
longitudinal and transverse galvanomagnetic effects 
are of different sign, the transverse being the larger 
and negative. The two thermomagnetic effects are 
of the same positive sign in weak fields but in 
powerful fields the transverse changes sign and 
becomes negative up to 9000 oersteds when it 
again becomes positive. After annealing at 650°C 
for 100 hr and quenching in air, the signs of the 
longitudinal and transverse galvanomagnetic 
effects are still the same but the longitudinal effect 
is reduced. The two thermomagnetic effects are of 
different sign, the longitudinal becoming positive, 
the transverse again remaining negative up to 
9000 oersteds when it changes sign.” Sci. Abs. 
57A: 2421, 1954. 

513. ANNAEV, R. G. and Yaztiev, S. Investi- 
gation of the variation of the thermoelectromotive 
force of nickel-palladium alloys in longitudinal and 
transverse magnetic fields. 8 p., figs., Washington, 
D.C., U.S. Naval Research Laboratory, 1959 
(Trans. 760). 

Translation of article from J/zvestiva 
Nauk. Turkmenskoi SSR. 6: 3-8, 9157. 

For original entry, see Item 14, May 1959 issue. 


Yazwiev, S. The 


{hademii 


513. ANNAEV, R. G., and 
thermoelectromotive force of nickel-palladium 
alloys in longitudinal and transverse magnetic 
fields. Akad. Nauk. Turkmen. SSSR. Izvest. no. 6, 
p. 3-8, 1957. 

In Russian. 

“The alloys investigated contained 0—-100°, Ni, 
and were studied at concn. intervals of 10%. The 
alloys were tempered, and the transverse and 
longitudinal thermomagnetic were in- 
vestigated. The law of anositropy of even effects 
was verified. The effect of the paramagnetic pro- 
cess on the curves of the thermomagnetic effect 
was found in the exprts. At the stoichiometric 
compn. NiPd, the curves for the thermomagnetic 
effect have a mix. which must be explained on the 
basis of a superstructure.” Chem. Abs. 52: 11498, 
Jly. 25, 1958. 


effects 


514. ANTELL, G. R., CHASMAR, R. P., CHAMP- 
Ness, C. H. and Conen, E. The electrical properties 
of indium arsenide and indium antimonide. ““Semi- 
conductor Meeting Report,” p. 99-107, Phys. Soc. 
1957. 


“Details are given of the method of preparation 
and purification of the compound InAs. Measure- 
ments have been made of Hall coefficient, electrical 
conductivity and thermoelectric power between 
room temperature and 500°C for pure specimens 
and for samples doped with Zn and with Se. It is 


concluded from the values of thermoelectric power 
that some degree of degeneracy exists even in 
pure specimens with the temperature range con- 
sidered. Making correction for this degeneracy 
a value for the energy gap at 0°K of 0-50 eV is 
obtained.” Sci. Abs. 60A: 7987, 1957. 

515. ArAFA, A. A., SHarig, I. S., and SULTAN, 
F. S. A. Measurement of the thermoelectric power 
of lead sulphide. Z. Angew. Math. u.Phys. 7: 
256-264, May 25, 1956. 

Measurements on natural specimens of PbS 
over the temperature range between room tem- 
perature and 700 K are reported. Specimens origi- 
nally of n-type remain so; with specimens originally 
of p-type the thermoelectric power changes sign 
at a temperature within the range. Differences of 
behaviour between the specimens are discussed; 
one crystal exhibited metallic conduction and an 
extraordinarily large thermoelectric power. 

516. Arizona State University, Tucson, Ariz. 
Thermoelectric materials and device research. 
17 p., Dec. 17, 1959. (Quart. Prog. Rept. 1) 
(Contract DA 36-039-sc-85249). 

In this report, the previous knowledge con- 
cerning the thermal and electrical properties of 
rutile which would make it useful as a thermo- 
electric material are briefly discussed. A modifi- 
cation of the material which might improve the 
thermoelectric figure of merit is proposed. Ex- 
perimental efforts to produce rutile in a suitable 
form by the treatment of colloidal precipitates is 
described. 

517. Armour Research Foundation, Chicago. 
Ill. Methed of purification of metals and inter- 
metallic compounds, by SHERMAN SUSMAN. 83 p.. 
illus., June 1959. (WADC Tech. Rept. 59-303). 
(Contract AF 33(616)—5895). 

The physical and chemical properties of the 
silicon carbide, thorium oxide and zirconium oxide 
systems are considered in the context of diffusion 
phenomena and thermoelectric behaviour at 
elevated temperatures. 

ARON, ANDRE. Force electromotrice et 
pouvoir thermoelectrique du couple aluminium- 
argent. (Electromotive force and thermoelectric 
power of the aluminium-silver couple). Acad. Sc’. 
Paris. Compt. Rend. 240: 852-853, Feb. 21, 1955. 

In French. 

Preparation by vaporisation, in vacuo, of pure 
Ag and pure Al, in relatively thick deposits, with 
an electric resistance near 1Q. 


519. 


520. Aron, ANDRE. Juxtaposition thermocouples 
in thin deposits. Acad. Sci. Paris. Compt. Rend. 
245: 48-50, 1957. 

In French. 

Describes experiments in which one element is 
Al or Ag and the other a semiconductor (Cu,O, 
Te, Sb oxide) superimposed over an Al or Ag de- 
posit. A simple and remarkable result was ob- 
tained by the couple Ag/Al superimposed by 
Cu,O. At the start the thermoelectric power was 
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constant, indicating action by the Al/Ag couple 
only. The power rose rapidly above 300°C. The 
potential vs. current curve deviated from Ohms’ 
law. Similar, but more complex phenomena 
occurred with Al/Ag coated by Te. The instability 
of the phenomenon and return to state near the 
initial state in the case of Cu,O are excluding the 
assumptions of ordinary modifications of electric 
properties of Al by the diffusion of oxide. A real 
effect of juxtaposition seems to occur on the whole 
length of contact of the semiconductor with the 
metal on which it is deposited. 

521. ARON, ANDRE. Thermoelectricite des lames 
minces metalliques. (Thermoelectricity of thin 
metallic films). Algiers Univ. Pub. Sci. Ser. BA: 
33-46, 1958. 

The thermoelectric power of the following 
couples of metals and alloys is given: Ag—Al, 
Te—Al, Al-Bi, Sb—Al, Sb-Ag, SbAg—Al, SbAI-Sb, 
SbZn-Bi, SbZn-C, BiTeSb-BiTe. 

522. ARON, ANDRE. Variation of thermoelectric 
power of an aluminium/silver couple by modification 
of the hot soldering under the effect of a chemical 
reaction or by the introduction of conductors or 
semiconductors. J. Phys. et Radium. 17: 287-289, 
Mar. 1956. 

In French. 

The thermoelectric power from the thermo- 
couple silver/aluminium used in comparatively 
thick films, is equal to 5-45 microvolts/degree 
between 150° and 380°C. It is increased if the hot 


soldering is eroded by iodine or if a thin layer of 
antimony is introduced between the silver and 
aluminium. The erosion by bromine or the inter- 
position of conductors or semiconductors provides 


a variable increase: the thermoelectric 
changes then in direct ratio with the 
temperature. (Sci. Abs. 59A: 6661, 1956). 

523. ASANABE, Sizuo. Electrical properties of 
Stannous selenide. Phys. Soc. Japan. J. 14: 281-296, 
illus., Mar. 1959. 

The electrical resistivity, Hall coefficient and 
thermoelectric power were investigated over the 
temperature range from 100—800 K on pure and 
impurity-doped SnSe crystals. An anomalous 
hump of the Hall coefficient was found to occur at 
about 200°C in most of the as-grown crystals and 
this seems to make the conventional analysis based 
on a simple semiconductor model impossible. 
Anisotropies in the resistivity and Hall coefficient 
were also studied on single crystals and the 
observed anisotropy in the resistivity seems to be 
ascribed to an anisotropy in the effective mass of 
holes. Hole mobility varies at T-*-° at high tem- 
peratures and its discrepancy from T-!:® law is 
explained on the assumption of both optical and 
acoustical mode scatterings. Further investigation 
was made of the anomalous Hall coefficient on 
heating the specimen at various temperatures in 
vacuum. This anomalous phenomenon was found 
to depend on the heat-treatment history of the 
crystal and the experimental results were analysed 
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on such a simple model that acceptors are intro- 
duced into SnSe by impurity diffusion above 
200°C and caused to disappear on heating at 
lower temperatures. General features observed 
seem to be in fair agreement with the proposed 
model. 


524. Arvin, M. 
molybdenum disilicide. /. 
Apr. 1953. 

Letter. Further evidence for the metallic nature 
of MoSi, is given; in particular, its thermal emf 
against Pt, in the temperature range —60° to 
600°C, is much the same as that of Cu against Pt. 


J. Thermoelectric effects in 
Appl. Phys. 24: 498. 


525. BARANSKU, P. I. and KONOPLYASOVA, N. S. 
Study of volume-gradient thermal emf and thermal 
conductivity in monocrystals of germanium with 
known crystallographic orientation. Sov. Phys. Tech. 
Phys. 2: 1493-1501, Aug. 1958. 

Translation of paper appearing in Zhurn. Tekh. 
Fiz. 28: 1621-1630, Aug. 1958. 

The volume-gradient of the thermo-emf deve- 
loped in the volume heterogeneities of germanium 
was studied. The temperature processes of the 
thermoelectrical forces and the isotropic thermal 
conductivity of germanium monocrystals were 
determined. 


526. BARRIF, R., CUNNEL, F. A., EDMOND, J. T. 
and Ross, I. M. Some properties of gallium 
Arsenide. Physica. 20: 1087-1090, 1954. 

Paper at Amsterdam Conference on 
conductors. 

Specimens of GaAs, prepared by heating the 
elements together in stoichiometric ratio, were all 
n-type, minimum carrier density, 2-5 10'7 cm**. 
Turnover voltages at a point contact ranged from 
10 to 150V. Optical, data give an energy gap of 
1:35 eV, compared with 1:25 eV from photo- 
conductivity measurements. An effective mass 
ratio for electrons of 0:03 is deduced from 
thermoelectric data. 

527. BARRIE, R. and EpMonp, J. T. 
the conduction band of Insb. J. Electron. 1: 161 
Sept. 1955. 

Measurements of optical absorption edge, 
thermoelectric power, Hall coefficient and con- 
ductivity are made on a wide range of specimens. 
Analysis of the results suggests that the conduction 
band is not parabolic. 


528. BasHtrov, R. I. Investigation of the 
Nernst-Ettingshausen effect in bismuth telluride. 
Soviet Phys. Tech. Phys. 3: 917-920, May 1958. 

Translation of article in Zhurn. Tekh. Fiz. 28: 
986-989. May. 1958. 

The Nernst—Ettingshausen effect, electrical con- 
ductivity and Hall effect were measured potentio- 
metrically at 120-600 K. The results throw light 
on the state and behaviour of current carriers in 
Bi.Te,. 

529. BASHSHALIEV, A. A. and ABDULLAEY, G. B. 
Effect of bromine on the electrical conductivity of 


semi- 


A study of 
170, 
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selenium. /zvest. Akad. Nauk. Azerbaidzhan SSR. 
no. 2: 3-11, 1957. 

In Russian. 

“The experiments were carried out at 20-100 
with Se contg. 0-016-0-13°, Br. The hole cond. of 
Se and growth of cond. rate and emf with temp. in- 
crease with the content of Br. In the presence of 
0-13°, Br the emf is twice that of the pure Se. 
The relation of cond. and temp. can be expressed 
by the empirical equation o =o,e—E/2kT where E 
is energy of hole dissocn. E decreases from 0-36 
to 0-13 e V with increasing Br. The increase of 
cond. below 40° is related mostly to the increase 
of carrier mobility and above 40 to the increase of 
carriers concn. The change of mobility, depending 
on the content of Br, rises up to 3100 times at 30°.” 


Chem. Abs. 51: 12639, 1957. 


530. Batelle Memorial Institute, Columbus, 
Ohio. The electrical properties of uranium oxides, 
by R. K. WILLARDSON, J. W. Moopy, and H. L. 
GOERING. 41 p., Sept. 25, 1956. (Rpt. 1135). 

The electrical conductivity and thermoelectric 
power of uranium oxides in the VO,-U,O, range 
have been studied at temperatures between 27 
and 400 C after annealing at 200 , 400 , 600 , 800 , 
and 1000 C. 


531. Batelle Memorial Institute, Columbus 
Ohio. Thermoelectric power generation and related 
phenomena. |! p., illus., Dec. 21, 1959. (Bimon. 
Prog. Rept. 6) (Contract Nobs-77034) (AD 231575) 


The preparation and characterisation of AlAs- 
GaAs alloys are continuing with several different 


methods of preparation being investigated. 
Construction is virtually completed on the appa- 
ratus for electrical high-temperature measurements 
and well along on the thermal-diffusivity apparatus. 
No experimental work was done on the funda- 
mental-properties investigation as activity was 
confined to a literature survey. 


Batelle Memorial Institute. Columbus, 
Ohio. Thermoelectric power generation and related 
phenomena. 15 p., Feb. 26, 1960. (Bimon. Prog. 
Rept. 7) (Nobs-77034). 

The materials development effort was directed 
toward (1) preparation of alloy ingots of GaAs- 
AlAs of low aluminium content (= 10 mole per- 
cent AlAs) by the zone-levelling technique, using 
induction heating, and by the normal freeze 
technique, using resistance heating; (2) deter- 
mination of a suitable container for the preparation 
of AlAs; and (3) testing of the high-temperature- 
measurement apparatus. In addition, the thermal- 
gradient crystal-growth technique was applied to 
the preparation of the alloy from a GaAlI-solution. 
Selected specimens were studied by X-ray di- 
ffraction, metallographic examination, hardness 
determinations, and chemical analyses to deter- 
mine composition and the degree of homogeneity. 


533. Batelle Memorial Institute, Columbus, 
Ohio. Thermoelectric properties of Bi,Te,-Bi.,Se, 
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alloys, by R. T. Bate. 9 p., Mar. 15, 1960. (Tech. 
Rept. 3) (Nonr-2316(00) ). 

Electrical resistivity, thermoelectric power and 
thermal conductivity were measured in the 
temperature range between 68K and room 
temperature. The figure of merit was determined 
from the difference between adiabatic and iso- 
thermal resistivity measurements. 

This report constitutes the text of a talk given 
before the American Physical Society in Cleveland 
on November 27, 1959. An abstract appears in 
Am. Phys. Soc. Bull. 4: 409, Nov. 27, 1959 with 
authors W. C. Myers and R. T. Bate listed. 


534. BAYNTON, P. L., RAwson, H. and 
STANWORTH, J. E. Semiconducting properties of 
some vanadate glasses. Electrochem. Soc. J. 104: 
237-240, Apr. 1957. 

Study of BaO-V.O,-P,O,and Na,O-BaO-V.O, 
P.O, systems with VO, between 50 and 87 mol. 
°.. The glasses were semiconductors; those with 
highest V.O, have spec. cond. of the order of 
10-°/ohm-c. at room temperature. Relation 
between spec. cond. and temperature was deter- 
mined. Conductivity values obtained could be 
easily reproduced and were not sensitive to 
variations in melting conditions. 


535. Benet, H. Copper layers which nullify the 
thermoelectric electromotive force of a thin silver 
massive silver monometallic couple. Rev. Fac. Sci. 
Univ. Istanbul. 22C: 117-123, 1957. 

In French. 

The thermoelectric emf of the monometallic 
couple, thin Ag/massive Ag, can be cancelled by a 
Cu coating on the massive Ag branch. The thick- 
ness of Cu needed depends on the temperature and 
the thickness of the thin Ag branch. 


536. Benet, H. Study of the thermoelectro- 
motive force of unimetallic (thin Ag/thick Ag) and 
bimetallic (thin Ag/thick Cu or thick Ag/thin Cu) 
couples as a function of the thickness of the thick 
branches. Rev. Fac. Sci. Univ. Istanbul. 21C: 
261-271, 1956. 

In French. 

“The thermal emf E of a thick Ag/thin Ag (1) 
and a thick Ag/thin Cu (II) couple was measured 
between 100° and 300°. E varies with the thickness 
(d) of the thin branch and is independent of d of 
the thick branch provided d is greater than 200 m/ 1. 


537. Benet, H. Thermal emf of a couple (thin 
film of Cu in contact with solid Ag). Variation with 
layer thickness. Rev. Fac. Sci. Univ. Istanbul. 19C: 
162-168, Apr. 1954. 

In French. 

Measurements made on thin films deposited and 
measured in the same vacuum system, thereby 
preventing the oxidation previously caused by 
removing from the system for measurement. The 
thermal emf decreases as the layer thickness 
increases and only reaches its limiting value for 
thicker crystalline layers. 
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538. BeNeL, H. Thermoelectric couples made of 
several chemically different layers. Rev. Fac. Sci. 
Univ. Istanbul. 21C: 272-276, 1956. 

In French. 

The thermo-emf E of a couple made up of thick 
Ag (I) and thin Ag (II) increases when alternate 
layers of Ag and Cu are deposited on the thin 
branch. The effect of the so-created inhomo- 
geneities is additive. If a layer of Cu is deposited 
on I the value of E can be reduced to zero. The 
thickness of Cu depends on the thickness of II. 
If If is 70 my, then Cu has to be 17-40 mu thick to 
make E negligibly small or zero in the temperature 
range of 28-170. 

539. BeNeL, H. Thermoelectric emf in a monc- 
metallic circuit. Rev. Fac. Sci. Univ. Istanbul. 18A: 
65-78, Jan. 1953. 

In French. 

Thermoelectric emf’s due to inhomogeneity in 
the orientation of the metallic crystals, or to 
occluded gases, disappeared in time and could be 
removed by heating, but emf due to heterogeneity 
in geometrical form remained. The existence of 
emf’s in absence of all such heterogeneity was not 
definitely established. 

540. H. 
antimony telluride and solid solutions of Sb,Te,- 
Bi,Te,. Acad. Sci. Paris. Compt. Rend. 247: 


584-587, Aug. 4, 1958. 
In French. 
In the system Sb-Te there was an increase of the 


thermoelectric power @ and resistivity p with Te 
concentration. The solid solutions, Sb,Te,-Bi,Tes, 
are of the p type as their constituents. 

541. BuHatia, A. B. On the electrical properties 
of cold worked iron carbon alloys, Phys. Soc. Proc. 
62B: 229-237, Apr. 1, 1949. 

The change on “ageing” in the 
properties of cold worked Fe-C alloys of low con- 
centration is investigated theoretically. 

542. BuHaTiA, A. B., and MACDONALD, D. K. C. 
On the thermoelectric power of dilute metallic alloys. 
Can. J. Phys. 34: 419-422, Apr. 1956. 

The quantity dlog p,/dlog E where p, is the 
resistivity of a metal due to impurities and im- 
perfections and E is the Fermi energy, is discussed. 
By choosing the correct form for the potential of 
an impurity ion the possible range of values of 
d5log p,/dlog E is much increased. 

543. BinweL_, C. C. Thermal electromotive 
forces in oxides. Phys. Rey. 3: 204, 1914. 

Thermocouples of tin, iron, chromium, tungsten, 
cadmium, zinc, lead and their oxides yield electro- 
motive forces as high as 1-5 volts with a tempera- 
ture difference of 

544. BIDWELL, SHELFORD. On a relation between 
the coefficient of the Thomson effect and other 
physical properties of metals. Roy. Soc. London 
Proc. 37: 25-28, 1884. 

The Thomson thermoelectric coefficient is 
correlated with resistance, specific heat, and 
expansion of the various metals considered. 
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545. BiRKHOLZ, ULRICH. Investigation of the 
intermetallic compound bismuth telluride and _ its 
solid solutions with antimony and selenium re- 
garding their applicability as materials for semi- 
conductor thermal elements. Z. Naturforsch. 
13a: 780-792, 1958. 

In German. 

“Addition of Agl to Bi,Te, gave an n-type 
semiconducting material. A p-type material was 
also produced with the optimum compn. Biy.,Sb,. , 
Te,. Such materials, in conjunction gave a thermo- 
electric effectiveness of 2-1 « 10°4/degrees, equiv. 
to a Peltier cooling of 80°. Powder metallurgical 
studies resulted in the production of a series of 
similar materials whose properties were also 
examined. Noteworthy was a reduction in the 
lattice thermal conductivity of these materials, 
compensated by a drop in the mobility, and a 
reduction in the deflect-electron concn. The ele- 
ments were tested in vacuo at 10°* mm. and a 
critical Peltier cooling of 80° was observed- 
Contact resistance was reduced by use of ultra. 
sonic techniques in order to permit these measure- 
ments.” Chem. Abs. 53: 5879, 1959. 

546. Bitter, W. R., YANG, LING and DerGe, G. 
Measurement of the thermoelectric power of a 
molten FeS-solid tungsten thermocouple. /. App/. 
Phys. 28: 514-515, Apr. 1957. 

Several measurements made with A T’s of 100 
to 150 C. in the 1150 to 1400 C. range. Thermo- 
electric power is approximately 55 microv./°C. in 
this range, compared with 35-6 microv./'C. for 
chromelalumel and 12 microv./°C. for Pt-PtRh. 


547. BLAck, J., CONWELL, E. M., SEIGLE, L. 
and Spencer, C. W. Electrical and optical pro- 
perties of some M,Y-BN,VI-B semiconductors. 
Phys. & Chem. Solids, 2: 240-251, 1957. 

The above was synthesized as single crystals of 
fairly good purity. Resistivity, thermoelectric 
power, infrared transmission, and in some cases 
Hall effect were measured in order to characterise 
these compounds as semiconductors. 

548. BLoem, J., KRoGer, F. A. and VINK, H. J. 
The physical chemistry of lead sulfide in relation to 
its semiconducting properties. /” Defects in Crystal- 
line Solids, Bristol, 0. 273-282. 

The semiconducting properties of lead sulfide 
single crystals have been measured after heating at 
various temperatures in controlled atmospheres. 
Thermoelectric power measurements indicate an 
energy gap of 0-3 eV at room temperature, and an 
effective electron and hole mass of about 0:25 of 
the electron mass in free space. With the use of the 
theory of Kréger, Vink and van den Boomgaard 
it was possible to deduce the width of the energy 
gap and the position of the various vacancy levels 
as a function of temperature, from 800° to 1200 K. 

549. BLur, M. D. and DAnteLson, G. C. 
Electrical properties of arc-evaporated carbon films. 
J. Appl. Phys. 28: 583-586, 1957. 

Uniform thin films of carbon in the thickness 
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range 100 to 2300 A have been prepared by arc- 
evaporation in vacuum. The values of the resi- 
stivity, temperature coefficient of resistivity and 
thermoelectric power of the annealed films were 
in agreement with the corresponding values for 
ordinary fine-particle carbon blacks. Other 
properties and applications of the films are 
discussed. 


550. BLum, A. 
solutions of Te-Se. Zhurn 
1953. 

In Russian. 

Experimental study of electrical conductivity, 
Hall effect, and thermo-emf of solid solutions of 
Te-Se with Se from 0-15 wt. °% in the temperature 
range 30 to —190° C. With low Se (to 2°), the 
electrical conductivity, thermo-emf and concen- 
tration curves show anomalous forms. For a more 
thorough treatment of the results in this region, 
a detailed X-ray study is necessary. 

551. Brum, A. I. and ReGev’, A. R. Issledovanie 
termoeds splavoy tellura i selena y tverdom i 
zhidkim sostoyaniii. (Investigation of thermo-emf 
of liquid tellurium and of liquid and solid selenium). 
Zhurn. Tekh. Fiz. 23: 783-787, figs., May, 1953. 

In Russian. 

Report of an experimental study of the effect 
of temperature on the thermo-emf of Te and two of 
its alloys with Se (85°, Te+-15°% Se; 30°, Te 
70 °% Se) in the temperature range from 100 to 500 - 


I. Electrical properties of solid 
Tekh. Fiz. 23: 788-795, 


A diagram of the apparatus is provided. The ex- 
periments showed that, for melts of Te and its 
alloys with Se, the thermo-emf decreased. This 
confirms the idea of the increase of the metallic 
character of the bonds in these alloys during their 
melting. 


552. Bium, I. and A. R. Electric pro- 
perties of solid solutions of mercury-selenide and 
selenium. Zhurn. Tekh. Fiz. 21: 316-327, Mar. 1951. 

In Russian. 

Electric conductivity of HgSe with small addi- 
tions of Se was measured in the range of tempera- 
tures from — 190°C to 850°C. The Hall effect and 
differential thermoelectromotive force were 
measured between 180° and 280°C. These 
measurements have shown the melting point of 
HgSe to be 690 10°C. Limited solubility of 
selenium in hard HgSe was established. 


Bopine, J. H., Jr. Hall coefficient and 
thermoelectric power of thorium metal. Phys. Rev. 
102: 1459, June 15, 1956. 

Measurement of Hall coefficient of thorium at 
room temperature in magnetic fields of about 
4000 gauss giving average of —1-2 x 10-!! volt- 
cm./abampere gauss: emf curve of Th-Pt thermo- 
couple in range 400 to 1100°C. 

554. BoGoropitsku, N. P., PASYNKov, V. V., 
KHOLUYANOV, G. F. and YAs’Kov, D. A. Electrical 
properties and uses of silicon carbide. Akad. Nauk. 
SSSR. Ser. Fiz. Izvest. 20: 1571-1580, 1956. 

In Russian. 


553. 
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Translation in Acad. Sci. USSSR. Bull. Phys. 
Ser. 20: 1440-1447, 1956. 

A review of properties, uses and possibilities. 

555. B. I. and Mokuov, Yu. N. 
Diffusion of lead in lead telluride. ZAurn. Tekh. Fiz. 
26: 2448-2450, 1956. 

In Russian. 

English translation appears in Sov. Phys. Tech. 
Phys. 1: 1266-2368, 1956. 

Concerns an investigation of the coefficients of 
diffusion for various impurities in lead telluride. 

556. Bottaks, B. I. The diffusion of antimony 
and tin in semiconductors composed of SbZn. 
Akad. Nauk. SSSR. Dok. 100: 901-903, 1955. 

In Russian. 

Diffusion coefficients of Sb and Sn in SbZn were 
determined by using Sb!2* and Sn?!* in experi- 
ments made over 40 to 60 hours at temperatures of 
317 to 477 'C. Graph indicates that for each metal 
the increase in log coefficient with temperatures is 
linear to 400°; above 400° the two rates are also 
linear but have much steeper slopes. At all points 
the coefficient for Sn is 5 to 10 times as great as for 
Sb. 

557. Bo.ttaks, B. I., Matveev, O. A. and 
Savinov, V. P. Electric properties of zinc telluride. 
Zhurn. Tekh. Fiz. 25: 2097-2103, 1955. 

In Russian. 

Measurements were made with ZnTe of stoichio- 
metric composition with 1°, Te excess, and with 
1°, Se as impurity. The compounds were prepared 
at 1300°%, and the measurements were made with 
samples of 3 *6*15 mm. The resistivity was 
measured from room temperature up to 600. 
The pure compound shows a distinct break in the 
log o vs. 1/T (K) curve; for the two branches the 
activation energy of the carrier current is 0:24 
0-03 and 0-65+-0-03 e.v., respectively. The co- 
efficient of the thermal emf has a maximum at 
about 600° for the pure sample, the one with Te 
excess did not show a maximum, but the one with 
Se showed two maximums. The amount of holes 
(lattice disturbances) was measured from room 
temperature to 220° and also the mobility thereof 
(carrier current). The curves for the three materials 
go more or less parallel to each other. 

Translation available from LC or SLA (Tech. 
Trans. 2(12): 896, Dec. 18, 1959. 

558. Bottaks, B. I., VASENIN, F. I. and 
SALUNINA, A. E. Electric and thermoelectric 
properties of partially reduced (blue) titanium 
dioxide. Zhurn. Tekh. Fiz. 21: 532-546, 1951. 

In Russian. 

Translation 
Friedman. 

Specific conductivity of TiO, increases with time 
of reduction. All samples show electronic con- 
ductivity; ionic was not detected. The temperature 
coefficient of conductivity is positive. Increase in 
reducing time of TiO, decreases the coefficient of 
thermal emf. In slightly reduced samples this 
coefficient decreases—in strongly reduced samples 


MDF-B-134 available from 
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it slowly increases—with increase in temperature. 
Hall effect was not measurable. Dissociation 
energy of current carriers follow a law showing for 
other semiconductors determining temperature 
variation of conductivity. High effective mass of 
current carriers in TiO, explains the relatively high 
value of thermal emf and low conductivity. 
Effective mass of these current carriers in TiO, 
can several times exceed the mass of a free electron. 

559. BoLraks, B. I., and TARNovskKI, N. N. 
Electrical characteristics of chalcopyrite. The 
effect of surface treatment on the rectifying pro- 
perties of crystals. Zhurn. Tekh. Fiz. 25: 402-409, 
Mar. 1955. 

In Russian. 

Experiments were conducted over a wide range 
of temperatures to determine the electric and 
thermoelectric properties of natural and synthetic 
CuFeS,. The temperature dependence of the 
electrical conductivity of these materials is of a 
more complex character than in ordinary impurity 
semiconductors. By etching the surface it is possible 
to considerably improve the rectifying properties 
of the crystals and in a number of cases to obtain 
static characteristics not inferior to those of Ge 
and Si detectors. 


560. Bottaks, B. I. and PI-KHUAN, TSZYAN. 
Izmerenie koeffitsienta termo-eds tellura s_pri- 
mesiami medi i sur’mi pri perekhodi ot tverdogo k 
zhidkomu sostianiya. (Variation of the thermal emf 
coefficient of Te containing Cu and Sb on transition 
from the solid into the liquid state). Zhurn. Tekh. Fiz. 
28: 222-224, Jan. 1958. 

In Russian. 

Translation in Sov. Phys. Tech. Phys. 3: 197-199, 
Jan. 1958. Also in Infosearch Tech. Lit. Info Serv. 
Russian Lit. Survey SEM-5-58, p. 7:1-7°3. 

This coefficient has been measured for Te con- 
taining up to | wt. °, Cu or Sb up to temperatures 
of ~ 600°C. The addition of impurities makes it 
possible to vary the thermal emf between solid and 
liquid Te. 


561. BoLtTaks, B. I. and Mokuov, U. N. 
Samodiffuziya i diffuziya primesie vy telluride i 
selenide svintsa. (Self diffusion and diffusion of 
impurities in lead telluride and lead selenide). 
Zhurn. Tekh. Fiz. 28: 1046-1050, May 1958. 

In Russian. 

Translation in Infosearch Tech. Lit. Info Serv. 
Russian Lit. Survey SEM-5-58, p. 5-1—5°5. 

Data on the diffusion of Te, Sn and Sb in PbTe 
and of Se and Sb in PbSe are reported. 

562. BoLTaAks, B. I. and ZHuze, V. P. Physical 
properties of intermetallic compounds of constant 
composition. (On the mechanism of conductivity of 
Mg,Sb.). Zhurn. Tekh. Fiz. 18: 1459-1477, Dec. 
1948. 

In Russian. 

A general survey is given of presentday know- 
ledge of the nature of bonds in intermetallic 
compounds. Electrical conductivity and variation 
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of electrical conductivity with temperature, Hall 
effect, thermoelectric force and thermal conduc- 
tivity are experimentally determined for the system 
Mg-Sb in the neighbourhood of the stoichiometric 
point Mg.Sb.. It is concluded that Mg,Sb, is a 
typical representative of a phase of constant 


composition and according to its electrical pro- 
perties appears to be an alloyed semiconductor. 


563. BoreLius, G., KEEsom, W. H., JOHANSSON 
C. H. and Linpe, J. O. Measurements on thermo- 
electric forces down to temperatures obtainable with 
liquid helium. Ned. Akad. Wetens. Proc. 35: 25-33, 
figs., 1932. 

Thermoelectric forces against a silver alloy- 
normal were measured down to the temperatures 
which are obtainable with liquid helium, for Pt and 
for alloys of Cu with small quantities of Fe. 

For the last-mentioned alloys the thermoelectric 
force per degree near absolute zero is proportional 
to T. At increasing temperatures e reaches a 
maximum after which e decreases. With increasing 
concentration of Fe this maximum is displaced 
towards higher temperatures. 

As a sensitive thermoelement for the temperature 
range of liquid hydrogen and liquid helium the 
authors recommend the combination Au with 
about | at. °% Co. against Ag with about | at. °; 
Au. 


564. Bore.ius, G., KEESoM, W. H. ,JOHANSSON, 
C. H. and Linpe, J. O. Measurements on thermo- 
electric forces down to temperatures obtainable with 
liquid or solid hydrogen. Ned. Akad. Wetens. Proc. 
35: 15-24, figs., 1932. 

Thermoelectric forces against a_ silveralloy- 
normal were measured down to the temperatures 
obtainable with liquid or solid hydrogen for Ag 
and an alloy of Ag with Au and for Au with small 
quantities of Fe, Co, Ni, Mn, Cr or Ti respectively. 


565. Boretius, G., KEESoM, W. H., JOHANSSON, 
C. H. and Linpe, J. O. Measurements of thermo- 
electric forces of lead and tin down to the tempera- 
ture of liquid helium. Ned. Akad. Wetens. Proc. 34: 
1365-1371, illus., 1931. 

Thermoelectric forces per degree were measured, 
for lead down to 1°7°K, for tin down to 4°8°K, in 
both cases against a silver-alloy wire. The authors 
conclude from those measurements that the 
thermoelectric force per degree for a couple supra- 
conducting lead-silver-alloy is small. From their 
measurements on the combination _lead-tin 
together with Meissner’s statement they admit that 
the thermoelectric force for supraconducting 
lead-supraconducting tin is zero. For both metals 
there is a rapid change in de/dT and hence in the 
Thomson-heat at the temperatures where the 
metals become superconductive. The authors 
conclude that the Thomson-effect at the critical 
temperature rapidly falls from finite values to zero. 

566. BoreELius, G. 
temperatures. Physica, 19: 
Sept. 1953. 


Thermoelectricity at low 
807-814, graphs., 
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Several investigations have been made on 
thermoelectric, resistometric and magnetic pro- 
perties of various metals and alloys. 

567. Bowers, R., BAUERLE, J. E. and CornisH, 
J. Some electrical and thermal properties of 
InAs,_xP,. Am. Phys. Soc. Bull. 4: 134, Mar. 30, 
1959. 

Abstract only. 

Measurements have been made between 350 C 
and 800 C of the electrical resistivity, the Seebeck 
coefficient (thermoelectric power) and the thermal 
conductivity of n-type InAs,.,P,, with x varied 
from 0 to 0-4. These measurements extend earlier 
data of Weiss to higher temperatures. On the 
whole, results agree with reasonable extrapolations 
of the data of Weiss, except at x0, where some- 
what higher Seebeck coefficients are obtained. The 
electrical properties of these alloys show quali- 
tatively a similar temperature dependence to those 
of InAs, but the magnitude of the resistivity and 
Seebeck coefficient increase with increasing x in 
the intrinsic range because the addition of phos- 
phorus increases the energy gap. The thermal 
conductivity data exhibits a sum of 1/T behaviour 
due to the phonon-phonon scattering and a 
temperature independent contribution due to 
phonons scattered by the phosphorus added. No 
anomalous behaviour of the thermal conductivity 
was found at high temperatures. The value of this 
ternary system for thermoelectric power genera- 
tion is discussed. 

568. Bowers, R., Ure, R. W., JR., BAUERLE, 
J. E. and Cornisu, A. J. InAs and InSb as thermo- 
electric materials. J. Appl. Phys. 30: 930-934, 
illus., June 1959. 

Measurements of the electrical conductivity, 
thermal conductivity, and Seebeck coefficient 
(thermoelectric power) of InSb and InAs have been 
made at high temperatures. The thermoelectric 
figure of merit averaged 0-42 x 10-* “K-! between 
100 and 500°C for InSb and 0-44 
between 500 and 750°C for InAs. Hence n-InAs 
and InSb in series may be used to generate elec- 
trical power with an efficiency of about 6°, when 
used in conjunction with p-type materials of 
similar characteristics. In neither InSb up to 500 
nor InAs up to 800°C did the thermal conductivity 
show the large high-temperature anomaly pre- 
viously reported in InSb. 

569. Bowers, R., BAUERLE, J. E. and Cornisn, 
A. J. InAs,-,P, as a thermoelectric material. 
J. Appl. Phys. 30: 1050-1054, illus., Jly. 1959. 

Measurements of the electrical conductivity o, 
the thermal conductivity K, and the Seebeck co- 
efficient (thermoelectric power) a, of InAs,-xP, 
have been made at high temperatures with x 
varying from 0 to 0-4. Between 450° and 800°C, 
the average thermoelectric figure of merit 
(z=@2o/K) increases moderately with x for small 
values of x, reaching a maximum near x=0'l, 
and subsequently decreasing. Between 450 and 
800°C, the average z for x=0-1 is equal to 0-63 
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x 10-* (K)-!, a improvement over InAs. 
For the same figure of merit, the Seebeck co- 
efficient and the electric resistivity is higher in the 
ternary than in the binary InAs; this is advantage- 
ous for the design of thermoelectric devices. 
Previous values for the thermoelectric figure of 
merit of InAs are revised. 


570. Bow ey, A. E., DeELves, R. and GOLDsMiID, 
H. J. Magnetothermal resistance and magneto- 
thermoelectric effects in bismuth telluride. Phys. 
Soc. Proc. 72A: 401-410, Sept. 1958. 

The magnetothermal resistance and magneto- 
thermoelectric effects have been measured for 
samples of p-type and n-type Bi,Te, at 77 K. 
Scattering laws for the charge carriers have been 
derived from the magnetothermoelectric effect and 
also from the magnetothermal resistance effect for 
p-type material. It has, however, not been possible 
to fit a simple scattering law to the results from the 
magnetothermal resistance effect in n-type material. 


571. Brapy, E. L. Preparation and properties of 
lead telluride. Electrochem. Soc. J. 101: 466-473, 
Sept. 1954. 

Investigation of electrical properties and chemi- 
cal stability of PbTe; single crystals of PbTe pre- 
pared, and resistivity and Hall coefficients deter- 
mined; both n- and p-type PbTe were produced 
but they were not of high resistivity. 


572. Bropny, J. J. Seebeck effect fluctuations in 
germanium. Phys. Rev. 111: 1050-1052, figs., 
Aug. 15, 1958. 

Fluctuations in the Seebeck effect or thermo- 
electric power of germanium single crystals have 
been observed. The Seebeck noise power spectrum 
varies as reciprocal frequency and may be quanti- 
tatively predicted from current-noise measure- 
ments. Carrier density fluctuations responsible for 
1/f noise are also the source of Seebeck noise. The 
present results indicate that carrier fluctuations 
having a 1/f spectrum persist even in the absence of 
net d.c. current flow. Seebeck noise is also observed 
in low-noise specimens having nonohmic, noisy 
electrodes. 


573. Buscu, G. Electron conduction in non- 
metals. Z. Agnew, Math. u Phys. 1: 81-110, 1950. 

In German. 

Continuation of a previous publication dealing 
in particular with the conductive mechanism in 
Cu.O, SiC, Si and oxides with spinel structure. 
The activation energy of many semiconductors is 
found to be a function of their impurity content. 
An interpretation of this relation is proposed 
which takes account of the energy necessary for the 
production of lattice defects. The relation between 
activation energy and dielectric constant of the 
lattice is also discussed, as is the effect of mechani- 
cal pressure on the conductivity. Experimental and 
theoretical results on the thermoelectric properties 
of semiconductors are surveyed, with special 
references to NiO and SiC. 
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574. Busco, G., HULLIGER, F. and WILKLER, U. 
Electrical conductivity and thermopotential in the 
intermetallic compound Mg,Sb,. Helv. Phys. Acta. 
27: 195-196, 1954. 

A polycrystalline sample of the a-form was 
prepared by melting the components in an atmos- 
phere of argon. Its electrical conductivity, Hall 
effeci, and thermopotential was determined from 
room temperature to 1000°K. The width of the 
forbidden zone was 0-82 eV. Both the Hall con- 
stant and the differential thermopotential have a 
positive sign over the whole temperature range. 
The compound is thus an anomalous semicon- 
ductor and the mobility of holes is greater than that 
of electrons. Concentration, mobility and degrees 
of freedom were calculated for both holes and 
electrons. 

$75. Buscu, G., HULLIGER, F. and WINKLER, U. 
Electrical properties of the intermetallic compound 
Mg.Sb.. Hely. Phys. Acta. 27: 249-258, June 30, 
1954. 

In German. 

Measurements were made of the conductivity, 
Hall coefficient and thermoelectric voltage of a 
polycrystalline specimen of the a-phase compound, 
obtained by melting the components together, over 
a range of temperatures. The width of the forbidden 
energy band is found to be 0-82 eV. Hall co- 


efficient and thermoelectric voltage both have 
positive signs up to very high temperatures; this is 
interpreted as indicating that the mobilities of the 


holes are greater than those of the electrons. The 
concentrations, mobilities and availability co- 
efficients of electrons and holes are determined 
from the measurements. 

576. BuscH, G., WIELAND, J. and ZOLLER, H. 
Electronic properties of gray tin. /n Semiconducting 
Materials, p. 188-197, London, Butterworth Sci. 
Publs. 1951. 

Hall effect and the change of resistivity in a 
magnetic field have been measured by conven- 
tional methods with special precautions. The Hall 
coefficients are found to increase rapidly with de- 
creasing temperature. Remarkably high changes of 
the resistivity in magnetic fields have been ob- 
served. Large thermoelectric emf’s are generated 
at a junction of gray and white Sn. The experi- 
ments show that gray tin is a semiconductor of 
high electrical conductivity and properties very 
similar to Si and Ge. 

577. Buscu, G., ScHmMip, P. and SPONDLIN, R. 
Thermovoltages between silicon carbide, copper and 
platinum. Helv. Phys. Acta. 20: 461-463, 1947. 

In German. 

Measurements of thermoelectric power were 
carried out between 75°K and 1000°K. Green and 
black specimens of SiC were found to give thermo- 
emf’s of opposite sign, in accordance with the 
different nature of their impurity centres. The 
thermoelectric power increases almost linearly 
with increasing absolute temperatures, more 
rapidly for black SiC than for the green variety. 
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The existence of a positive correlation between 
thermoelectric power and activation energy was 
confirmed. 

578. California University, Minerals Research 
Laboratory, Berkeley, Calif. Chemical considera- 
tions in high temperature thermoelectric power de- 
velopment, by A. W. Searcy and D. J. Mescui. 
32 p., Mar. 1959. (Tech Rept. 6, Ser. 84, Issue 6) 
(Contract Nonr-222(32) ) (AD 214 711). 

Solid semiconductors which may be suitable for 
use at temperatures higher than 1500°K are the 
subject of this paper. The first section contains a 
brief analysis of the relationship between intrinsic 
band gap and chemical composition. Then limi- 
tations placed on high temperature use of various 
semiconductor materials by their physical and 
chemical properties are discussed. 

579. Carasso, J. I. and PITTMAN, 
Thermoelectric observations on grey 
Nature 182: 1011, Oct. 11, 1958. 

Reports some thermoelectric results, obtained 
in the course of an investigation of the photo- 
catalytic properties of this modification of selenium 
which are at variance both with common 
experience and with the models of Henisch and 
Francois. 

580. CarRLsoN, R. I. Electrical properties of 
mercury telluride. Phys. Rev. 111: 476-478, 1958. 

On preparation in sealed quartz tubes, poly- 
crystalline p HgTe results, with acceptor con- 
centrations of 10!8-1%/cc. and band gap of approxi- 
mately 0-0002 eV. By diffusion, Zn enters as a 
donor, and Cu as an acceptor impurity. Resistivity 
and Hall effect measurements down to liquid-H 
temperature must show magneto-Hall effect. The 
Hall coefficient changes sign as low as 20°K. 
Some measurements were made of thermal con- 
ductivity and of thermoelectric power. 

581. CATTERALL, J. A. The electronic structure of 
palladium-uranium alloys. Phi/. Mag. 2: 491-498, 
Apr. 1957. 

The measured effects of uranium upon the para- 
magnetic, susceptibility, electrical resistivity, 
thermoelectric power and lattice parameter of 
palladium are discussed, and an interpretation of 
the results in terms of a solvent and solute band 
is suggested. 

582. CHANDRASEKHAR, B. S. The Seebeck co- 
efficient of bismuth single crystals. Phys. & Chem. 
Solids. 11: 268-273, Oct. 1959. 

The Seebeck coefficient S of single crystals of 
bismuth has been measured between room tempera- 
ture and about 250°C. The results are used to 
resolve a discrepancy in the data on the Seebeck 
coefficient of polycrystalline bismuth as given by 
Sato and Savournin and Poggi; the values given 
by the latter workers are shown to be more 
reasonable. The anisotropy in S at 300°K is 
analysed in terms of the current model for the 
carriers in bismuth. Abeles and Meiboom’s 
results from magnetoresistance measurements and 
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the present data are used to calculate the density- 
of-states effective masses of the electrons and holes 
respectively. The value for the electrons agrees 
well with that deduced from de Haas—van Alphen 
effect and cyclotron-resonance experiments. The 
value for the holes is very close to that deduced 
from cyclotron resonance, but much smaller than 
is suggested by electronic heat-capacity data. 

583. CHAPLIN, R., CHAPMAN, P. R. and 
GrirrFitH, R. H. Electrical properties of chromium- 
oxide-alumina catalysts. Nature 172: 78, Jly, 11, 
1953. 

Letter. The catalyst (I) of 70°, Cr.O, and 30% 
A1.O0, was compressed into a thin disc, and both 
its conductivity k and its thermoelectric potential 
@ were measured by a condenser method. The 
behaviour of k in O, and H, shows I to be an 
amphoteric semiconductor, and that of 0 shows I 
to be an electron-excess semiconductor. The Hall 
coefficient was also measured. It is suggested that 
the method offers considerable promise for ex- 
amining mixed catalysts. 

584. CHAPMAN, P. R., GrirFiTtH, R. H. and 
Marsu, J. D. F. The physical properties of chro- 
mium oxide-aluminium oxide catalysts. I. Electrical 
properties. Roy. Soc. London. Proc. 224A: 419-426, 
1954. 

The electrical conductivity and thermoelectric 
potential was measured for co-precipitated 
catalysts. 

585. CHARNOCK, H. and Yeo, S. A. Thermo- 
electric emf of tin-cadmium alloys. /. Sci. Instr. 36: 
478-479, Nov. 1959. 

In seeking a solder which has little or no thermo- 
electric emf’s to copper, measurements were made 
of Cd, Sn, and Cd/Sn alloys relative to Cu, in 
range 0-80 °C. The values of the constants a and b 
for each alloy, together with other data appear in a 
table. 

The alloys with high cadmium content melt 
about 200 C and all can be used as solders with 
only a little more care than the usual Pb/Sn alloy. 
A typical lead/tin solder (60Pb/40Sn) was found 
to have the same thermoelectric emf as pure tin. 

586. CHASMAR, R. P. and STRATTON, R. Effective 
electron mass in indium arsenide and indium anti- 
monide. Phys. Rev. 102: 1686-1687, June 15, 1956. 

Reports measurements made of Hall coefficient 
and thermoelectric power at room temperature and 
above. Values of thermoelectric power indicated 
that both materials were slightly degenerate at all 
temperatures within the range considered. 

587. CHERPAKOV, V. P. Thermal and electrical 
conductivity of compounds of Bi with Sn. Moskoy. 
Univ. Ser. Mat. Mekhan. Astron. i Fiz. Khim. 
Vestnik. no. 3, 129-134, 1957. 

In Russian. 

Studies of thermoelectric force. 

“The alloys investigated consisted of a number 
of possible mixtures from Bi 100°, to Sn 100%, 
and the changes with temperature of the thermal 


conductivity, the electrical conductivity, the 
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thermal emf, and the Wiedeman-Franz ratio were 
investigated in the range from room temperature 
to the melting point of the alloys. It was found that 
in pure Bi and in Bi Sn, just as observed for Bi-- 
Pb earlier (Mikryukov and Tyapumina) the 
electrical conductivity is due in part to electrons, 
and in part to holes (lattice disturbances). 

588. CirRKLER, F. The anisotropy of the absolute 
thermoelectric emf of tin between 0° and 280°C. 
Z. Naturforsch. 8a: 646-659, Oct. 1953. 

In German. 

The preparation and measurement of the emf’s 
against Pt 10°, Rh, of eight single crystals of 
orientations 11-1/2-86° and one polycrystal are 
described in detail. The apparatus is shown 
schematically. The single-crystal rods were 15-25 
cm long and were prepared by seeding and slow 
cooling from the melt. The variation with tempera- 
ture, t, of the emf’s is shown graphically and 
expressions in the form at + are derived for 
the emf’s and absolute emf’s, e. The anisotropy 
(€,,-€,)/Cy59 is 4% at the melting point and the 
change in thermoelectric power 1-6uV/deg. C. 
The results are compared with those of previous 
investigators. The theories of Sommerfeld-Bethe 
and Kohler on the dependence of emf on purity 
and orientation are discussed and it is shown that 
the author’s results deviate more from Voight’s 
cosine? law than the theories suggest. 

589. CHRISTIAN, J. W.. JAN, J. P., PEARSON, W. B. 
and TEMPLETON, I. M. Thermoelectricity at low 
temperatures. VI. A redetermination of the absolute 
scale of thermoelectric power of lead. Roy. Soc. 
London, Proc. 245A: 213-221, charts, June 3, 1958. 

The writers have determined the absolute 
thermoelectric power of zone-purified lead up to 
18 K by direct measurement against the super- 
conductor Nb, Sn. 

599. Curisty, R. W., FUKUSHIMA, E. and LI, 
H. T. Thermoelectric power of silver bromide 
containing cadmium bromide. J. Chem. Phys. 30: 
136-138, 1959. 

Measurements were made at 100-400 on pure 
AgBr and on AgBr containing CdBr, in concen- 
trations between 0-01 and 1-0 mole °;. Satis- 
factory agreement was observed with the theory of 
Howard and Lidiard, (see Item 242, June 1959 
issue) if it was assumed that the heats of transport 
were temperature dependent. The values required 
for the sum of the heats of transport of the inter- 
stitial Ag ions and vacancies were —0-57 eV. at 
175 and —0-69 eV. at 250. 

591. CLarK, H. and Berets, D. J. Vanadium 
oxides as oxidation catalysts: electrical properties. 
In Advances in Catalysis v. 9, p. 204-214, 1957. 

V.O, powder, pellets, and thin films have been 
used in making measurements of the thermo- 
electric emf, the d.c. electric resistance, and the a.c. 
electric resistance. It is concluded that O vacancies 
in the crystal lattice form electron donor levels 
0-42 eV. below the conduction bands and are in 
sufficient concentration to be a good source of 
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electrons for the solid. The defects appear to be 
mobile in the surface region below 180°, but in the 
bulk only above 350°. The concentration of defects 
at the surface is greatly diminished by chemi- 
sorbed O, which causes the formation of a surface 
barrier layer. The presence of an electron-donating 
agent such as ethylene or xylene prevents the for- 
mation of the barrier layer. 

592. CLeaves, H. E. and DaAut, A. I. Thermal 
electromotive force of uranium against platinum. 
In U.S. Atomic Energy Commission TID 5290, 
Book I, p. 364-371, 1958. 

The thermal emf of U against Pt increases regu- 
larly with increasing temperature from 0 mV at 
0° to 25-5 mv. at 900°. The data are given in 
graphic and tabular form for five lots of U for 
which the analytical data are listed. 


593. COBLENZ, ABRAHAM. Semiconductor com- 
pounds open new horizons. Electron. 30: 144-149, 
Nov. 1957. 

Comprehensive survey of semiconducting com- 
pounds with discussion of their characteristics, 
unusual properties, and applications, present and 
future. Tables of intermetallic and dye semi- 
conducting compounds summarize presently avail- 
able data on these materials. 


594. Cotes, B. R. Electronic structures and 
physical properties in the alloy systems—nickel- 
copper and palladium-silver. Phys. Soc. Proc. 65B: 
221-229, Mar. 1952. 

A comparison is made of the magnetic, electrical 
and thermoelectric properties of alloys in the two 
systems, and the lattice spacings, optical properties 
electronic specific heat and X-ray spectroscopy of 
the Ni-Cu alloys are also considered. 


595. Compagnie Generale de Telegraphie San 
Fil, Puteaux, France. A preparation and study of 
compounds of the II-IV type and mixtures thereof 
to determine their useful semiconducting properties. 
1 April to 30 June, 1959. 24 p., illus., 1959. (Quart. 
Tech. State Rept. 1) (Contract AF 61 (052) 243). 
(AD 229 775). 

Research was concentrated on the design and 
fabrication of equipment for preparation and puri- 
fication of materials, establishment of phase dia- 
grams, and electrical and thermoelectrical measure- 
ments. A research programme in thermoelectric 
power conversion was initiated by study of the 
thermal and electronic properties of solid solutions 
of semiconducting crystals. 


59€, Cooper, H., SCHWED, P. and WEBELER, 
R. W. Thermoelectric power of AuCu in none- 
quilibrium states. J. App/. Phys. 27: 516-518, May 
1956. 

Measurements of resistivity and of TE power 
(Q) versus Pt of samples of AuCu in various none- 
quilibrium states; one set of samples was dis- 
ordered by quenching from 750°C and annealing 
curves were obtained at 100, 149, 198, and 
258°C; second set was first ordered, then cold 


worked to essentially complete disorder, and 
annealing curves taken at 149 and 258°C. 

597. CornisH, A. J. Arrays of inorganic semi- 
conducting compounds. /n Westinghouse Research 
Laboratories, Pittsburgh, Pa. Thermoelectricity 
Progress Report 12. 18 p., illus., Jan. 1959. 

Arrays of compounds related to the periodic 
chart of the elements can be prepared. These 
arrays aid in estimating the physical and chemical 
properties of compounds, including semiconduc- 
ting properties. Many compounds included in the 
arrays may not exist; however. if the compound 
does exist the value of its melting point, energy 
gap and electron mobility generally fits into a 
uniform pattern related to adjacent compounds. 
The crystal structure of semiconducting com- 
pounds is shown to be of only second-order im- 
portance, grouping semiconducting compounds by 
crystal types loses overall relations that exist 
between many compounds. 

598. CorRUCCINI, R. J. Annealing of platinum 
for thermometry. /. Res. 47: 94-103, Aug. 1951. 

Experiments are described on the annealing of 
Pt wire in which the coefficient of resistance and 
thermal electromotive force were used as criteria 
of the physical state of the metal. Contrary to 
predictions the Cu and Ag alloys were thermo- 
electrically positive to Pt at ordinary temperatures. 
Thus far, no impurity other than Au has been 
found to lower the thermoelectric power of Pt. It 
is apparently not possible to represent the kinetics 
of annealing in terms of a temperature activated 
process having a single value of activation energy. 
This result is interpreted in terms of the diffusion 
of dislocations. 

599. Costa, P. Determination du _ pouvoir 
thermo-electri-ue de V’uranium et du plutonium. 
(Determination of thermoelectric power of uranium 
and plutonium.) J. Nuclear Mat. 2: 75-80, Mar. 
1960. 

The thermoelectric power of uranium and 
plutonium have been measured by a differential 
method. In agreement with previous measurements 
by Waldron and Lee, a high value of thermoelec- 
tric power has been found for the a and B phases 
of plutonium, and a low value for the o and ¢€ 
phases, particularly the oc. This last result rules out 
Varley’s explanation for the negative thermal 
expansion coefficient of the B phase. The observed 
variation of the thermoelectric power with 
temperature is slightly different from that reported 
by Waldron and Lee. 

600. CRAwForD, J. H., JR. and WILLIAMS, F. E. 
Electronic processes in zine fluoride and in the 
manganese-activated zinc fluoride phosphor. J. 
Chem. Phys. 18: 775-780, June 1950. 

Measurements have been made of the tempera- 
ture dependence of electrical conductivity and 
thermal emf on ZnF, and ZnF,: Mn, and of the 
Hall coefficient and rectifying power at 25°C on 
ZnF,. Both ZnF, and ZnF,:Mn are n-type im- 
purity semiconductors. The presence of MnG, in 
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ZnF, decreases the electronic conductivity by a 
factor of about 10%, indicating a decrease in the 
concentration of electron donors by oxidation. A 
marked dependence of the temperature variation 
of conductivity on heat treatment has been ob- 
served. Contrary to the simple theory, the absolute 
values of the thermal emf increase with tempera- 
ture. From the Hall coefficient and conductance 
at 25°C of heat-treated ZnF,, a concentration of 
free electrons of 3 x 10'*° cm** and a mean free 
path of 6-7 x 10-° cm are deduced. ZnF, rectifies 
in the expected direction. 

601. Croatro, V. Thermoelectric power and 
lattice disorder in semiconductors. (a) Ricerca Sci. 
19: 1324-1326, 1949. 

Not examined. 

‘Measurements were made of the thermo- 
electric power between two samples of the same 
semiconductor with different degree of lattice 
disorder. The substances investigated were CdO 
and CoO, and their lattice disorder could be 
varied by varying the oxygen pressure in the 
atmosphere in which the samples were maintained. 
CdO has a defect of O, and is therefore an n-type 
semiconductor due to the presence of F-centers; 
its conductivity is reduced on increasing the 
pressure. CoO has instead an excess of oxygen, is 
p-type, and its conductivity increases on _ in- 
creasing the gaseous oxygen pressure. Besides- 
confirming these views on the nature of con- 
duction in these oxides, results proved the validity 
of the theoretical formula dE/dT (R/F) log 
(a,/o,), where the sign applied to n-type con- 
ductors, R is the gas constant, F the Faraday 
equivalent, o, and o, the, conductivities of the 
two sampies.”” Sci. Abs. 53A: 4071, 1950. 

602. CrussARD, C. and AUBERTIN, F. The 
variation of the thermoelectric power of metals with 
dissolved elements. Acad. Sci. Paris. Compt. 
Rend. 226: 1003-1005, Mar. 22, 1948. 

In French. 

The thermoelectric power at 20°C of several 
Al alloys, formed by the addition of a known 
quantity of either Sn, Si, Ti, Cr, Mn, Fe, Ni, Cu 
or Mg to 99-995°% Al, relative to Al, have been 
measured. The alloys were produced in two ways: 
by quenching from 600°C, and by slow cooling 
over a period of 48 hours. The power for the slowly 
cooled alloy is never that for the quenched. 
The results, together with those to be found in the 
literature for other bases, confirm that, with a few 
exceptions, the dissolved element increases or de- 
creases the thermoelectric power of the base 
according as the element is to the left or right of the 
base in the 8 column periodic table. 

603. CuLtity, B. D., TeL-kes, M. and Norton, 
J. T. Electrical resistivity and thermoelectric power 
of antimony-selenium alloys. /. Metals 2: 47-52, 
tables, Jan. 1950. 

This research was initiated in an attempt to find 
a material for use in thermoelectric generators and 
although none of the antimony-selenium alloys is 


suitable for this purpose. the properties of Sb.Se, 
indicate that it may have applications as a ther- 
mistor material. 


604. CuLtity, B. D. The thermoelectric proper- 
ties and electrical conductivity of bismuth-selenium 
alloys. Metals Tech. 15: No. 1, Tech. Pub. 2313, 
8 p., Jan. 1948. 

Unlike most other systems, the Bi-Se system has 
no maximum in TE power and electrical resistivity 
at the compn. of the intermediate phases. The only 
binary alloys suitable for use in TE generators 
contain about 37°¢ Se. The TE efficiency is about 
6°. after correcting for avoidable losses when 
tested against a Zn—Sb alloy containing additive 
agents. Further improvement in the properties of 
an alloy containing about 37 °%% Se can be obtained 
by the addition of small amounts of Te. 


605. Cusack, N. and KENDALL, P. A note on the 
viscosity and resistivity of liquid gallium. Phys. Soc. 
Proc. 75: 309-311, Feb. 1, 1960. 

Thermoelectric power of liquid gallium relative 
to chromel and alumel were measured and results 
are indicated in a table. 


606. CZANDERNA, A. W. and Honic, J. M. The 
composition, resistivity and thermoelectric power of 
cerium oxides below 500°C. Phys. & Chem. Solids 
6: 96-97, figs., Jly. 1958. 

Letter to the editor presenting some findings on 
the stoichiometry, resistivity, and thermoelectric 


power of ceria, in high vacuum and in oxygen, for 
the temperature range 25-485°C. 


607. Dani, A. I. and VAN Dusen, M. S. 
Resistance-temperature relation and thermoelectric 
properties of uranium. J. Res. 39: 53-58, Jly. 1947. 

The paper describes measurements made on the 
resistance-temperature relation and the thermo- 
electric properties of several samples of uranium. 
The resistance-temperature relation showed sharp 
breaks at about 650° and 770°C, indicating the 
existence of transformation points. The very rapid 
changes in resistance occurred at a somewhat 
higher temperature on heating than on cooling. 
Only slight irregularities in the thermoelectric 
properties were noted in the region of the trans- 
formation points. 


608. Das, J. N. Study of the semiconducting 
properties of pyrolusite. Z. Physik. 151: 345-350, 
May 8, 1958. 

In German. 

Flectrical conductivity has been determined 
over a temperature range 300 to 500°K and an 
expression is given for its variation with tempera- 
ture over this range. The current-voltage charac- 
teristics of metal point semiconductor contacts are 
non-linear symmetrical curves. The Hall constant 
yields carrier concentration as 4-3 x 10'®/cm.3 and 
mobility as 1-2 cm? volt! second-!. Specimens 
develop a thermoelectric power of 200u V/K to 
500 uw V/K which is fairly constant over the range 
300 to 800°K. The sign of the thermo-emf and of 
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the Hall constant indicate that the specimens are 
“*n” type. 

609. DE FAGET DE CASTELJAU, P. and FRIEDEL, J. 
Study of the resistivity and thermoelectric power of 
dissolved impurities in the noble metals. J. Phys. et 
Radium 17: 27-32, Jan. 1956. 

In French. 

The diffusion of a free electron gas by a spherical 
potential well of fixed radius and variable depth is 
investigated theoretically. For weak potentials the 
model developed accounts very satisfactorily for 
polyvalent impurities dissolved in the noble metals. 
Resonance effects associated with bound levels 
such as 2p, 3d, and so on produce larger potentials 
and enable the effects of transition metals in the 
noble metals to be investigated. 

610. Noset, D. Phase equilibria and semi- 
conducting properties of cadmium telluride. Phi/ips 
Res. Rep. 14: 361-399; 430-492, Aug., Oct. 1959. 

Experimental results are first given regarding 
preparation, phase diagram, Hall effect and 
specific resistance as a function of the tempera- 
ture, Hall effect as a function of the atmosphere 
over the crystals at various values of the tempera- 
ture, thermoelectric power, photoconductivity 
and luminescence; later, these results are inter- 
preted. 

611. DevyatKova, E. D. Issledovanie teplon- 
rovodnosti telluristogo svintsa. (Investigation of the 
thermal conductivity of lead telluride.) Zurn. 
Tekh, Fiz. 27: 461-466, Mar. 1957. 

In Russian. Translation in Infosearch Tech. 
Info. Serv. Semiconduction Applications. Russian 
Lit. Survey SEM-—3-—57, p. 3-1—3-7, June 1957. 

Studies made on material that could be used in 
the production of thermoelectric batteries. Investi- 
gates the possible mechanisms of heat conduc- 
tivity in semiconductors. 

612. DevyATKova, E. D., MASLAKOveETs, Yu. P. 
and STiL’BANS, L. S. On the thermal and electrical 
conductivities and the thermoelectric force of Sb/Zn 
alloys, with special reference to the influence of 
small admixtures of other metals. Zhurn. Tekh. Fiz. 
22: 129-142, Jan. 1952. 

In Russian. 

The authors investigated the variations of the 
electrical and thermal conductivities and of the 
Hall constant of Sb/Zn alloys with the proportions 
in the neighbourhood of the metallic compounds, 
and also the influence of the admixturés of small 
quantities of Ag, Cd, In, Sn, and Te. They attach 
considerable importance to the role which the 
admixtures can play by dissolving the impurities of 
the components of the alloy and improving the 
lattice that way. 

613. DEewALp, J. F. and Le-outre, G. The 
thermoelectric properties of metal-ammonia solu- 
tions. 1. The thermoelectric power of sodium and 
potassium at —33°. Am. Chem. Soc. J. 76: 3369 
3376, Jly. 5, 1954. 

The thermoelectric properties of sodium and 
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potassium solutions in liquid ammonia at —33 

have been studied over the concentration range 
from 0-002 M to saturation. Experimental pro- 
cedures are outlined, with particular emphasis on 
methods of preparing solutions of maximum 
stability. The data for the concentrated solutions 
are shown to be in strikingly good accord with the 
predictions based on a degenerate electron gas 
model. In the dilute range of concentration, where 
one ordinarily expects the best agreement between 
theory and experiment, a marked anomaly is 
observed. The thermoelectric power increases with 
dilution almost exactly twice as rapidly as theory 
predicts it should. 

614. DevyaTKova, E. D., MASLAKOoveTs, YU. P., 
STIL’BANS, L. S. and STAvitsKAYA, T. S. Tempera- 
ture dependence of the mobility of the carriers of 
electricity in semiconductors. Akad. Nauk. SSSR. 
Dok. 84: 681-682, 1952. 

In Russian. 

In contrast to the theoretical formula for the 
temperature dependence of mobility, u=AT-* # 
for solids with an atomic lattice (at temperatures 
high enough that electron scattering by lattice 
defects is negligible), which was verified for Si, 
Ge, and Sb—Zn, the theoretical formula for solids 
with an ionic lattice, u=AT'/* (above the Debye 
temperature 0) has never been verified experi- 
mentally. Measurements of electric conductivity 
and Hall effect of PbSe between 20 and 500°C gave 
the experimental result u=AT~*, entirely out of 
line with the theoretical formulas. By comparison 
of the melting points, heats of fusion, and heats of 
formation of PbSe and PbS ((N) about 50°K) 
it appears certain that for PbSe, (N) is well below 
50° and, consequently, the temperature range 
studied is well above(N). An analogous temperature 
dependence of u was also found by Zhuse, by 
recalculation of the experimental data of Busch, 
Wieland, and Zoller for gray tin. This discrepacny 
makes a radical revision of the theory of inter- 
action of electrons with the thermal lattice vibra- 
tions imperative. 

615. DevyaTKova, E. D., MASLAKOveTs, YU. P. 
and Sominsku, M. S. The thermoelectric effect in 
lead sulfide. Akad. Nauk. SSSR. Ser. Fiz. Izvest. 
5: 409-416, 1941. 

In Russian. 

Theoretical expressions are given for the 
dependence of thermo-emf on carrier concentra- 
tion. The temperature variations of electric and 
thermal conductivities and of TE force are investi- 
gated in PbS having electronic as well as hole 
conductivity. Results indicate that in PbS the 
carrier concentration is 10'® to 10'*. The electric 
conductivity is determined mainly by the tempera- 
ture variation of the mobility of the carriers. 

616. DomMeENIcALI, C. A. Thermoelectric power 
and resistivity of solid and liquid germanium in the 
vicinity of its melting point. J. App/. Phys. 28: 
749-753, Jly. 1957. 
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The thermoelectric power of Ge against Pt was 
measured between room temperature and 1030°C. 
The resistivity of Ge decreases by a factor of 
approximately 19 upon melting, and is approxi- 
mately 63 microhm-cm. in the liquid phase. 

617. DoNovANn, B. and REICHENBAUM, G. 
Electrical properties of chalcopyrite. Brit. J. Appl. 
Phys. 9: 474-477, Dec. 1958. 

Conductivity o and thermoelectric power ¢ of 
synthetic and natural specimens were investigated 
140° to 300 C. 

618. DowLinc, P, H. The contact potential 
between the solid and liquid phases of bismuth. 
Phys. Rev. 31: 244-250, Feb. 1928 

Relation thermoelectric and 
temperature change at contact potential is dis- 


in the temperature range 


between power 
cussed 

DRuYVESTEYN, M. J. and BLOK VAN LEAR, 
Thermoelectric power of cold-worked copper 


619. 


at low temperature. Nature 173: 591, Mar. 27, 1954. 


Reports measurements. at room temperature, 
on copper and silver wires. 

620. DRUyvESTEYN, M. J. and MeENSEN, H. 
Thermoelectric power of cold-worked silver and 
gold wires at low temperatures. App/. Sci. Res. 
4B: 388-392, 1955. 

Results of measurements 
power of couples consisting of drawn and annealed 


of thermoelectric 


gold and silver wires respectively. 

621. Dupkrn, L. D. and Aprikosov, N. K. A 
study of the effect of nickel on the properties of the 
semiconducting compound CoSb,. Zhurn. Neorg. 
Khim. 2: 212-221, 1957. 

In Russian. 

“In order to investigate the limits of the solid 
soln. based on CoSb, and the nature of its rela- 
tionship to other phases, an isothermal section 
(at 540 C) was constructed of the ternary Co-Ni-Sb 
system up to 50°, Sb. A narrow range of € solid 
soln. based on CoSb, was found; its composition 
can be represented as (Co, Ni) Sb5-x, where x 
0—0-5, while the amount of Co replaced by Ni 
varies from 0 to ~ 10°,. The results of thermo- 
elec. measurements and X-ray phase analysis, 
as well as microscopical evidence, confirm the 
existence of this solid-solution region. Micro- 
hardness measurements of ¢ -phase alloys across a 


section of const. Sb content show the absence of 
ternary chem. compounds in this region. Detn. of 


the phys. properties of CoSb, alloyed with Ni in- 
dicate that the Ni gives rise to donor impurity 
levels which are fully ionized at room temp. A 
marked increase in the mobility of electrons takes 
place on the replacement of 0-5 at °% Co by Ni. 
It is suggested that this phenomenon is related to 
the removal of defects and the distortion of the 


€ -phase lattice by the soln. of small amounts of 


Ni. The lattice thermal conductivity of CoSb, 
falls linearly with increase in the number of Co 
atoms replaced by Ni. From thermo-elec. mea- 
surements it is established that the bonds in the 


compounds NiSb and NiSb, are predominantly 
metallic.” Metall. Abs. 25: 501, Mar. 1958. 

622. Dupkin, L. D. and Aprikosov, N. K. 
Study of the thermoelectric properties of cobalt 
antimonides. /n Problems of the Metallurgy and 
Physics of Semiconductors, Proceedings, Second 
Conference on Semiconductor Materials. p. 97 
109. Moscow, Academy of Sciences, USSSR. 1957. 

In Russian. Translated by M. Friedman, noted 
in Trans. Mon. 4: 264, June 1958. 

“The starting materials used in this investiga- 
tion were twice-distilled antimony containing less 
than 0-01°, Pb and As and a somewhat higher Si 
content, and cobalt powder, obtained from cobalt 
nitrate, containing about 0-3°, impurities. Speci- 
mens were prepared by melting the components 
in corundum crucibles under spectrographically 
pure flux and casting in moulds. The Co-Sb system 
was studied for Sb concentrations above 50°,. 
A phase diagram of this range of concentration 
was constructed on the basis of thermal analysis 
and the variation of electrical resistivity of the 
specimens with temperature was investigated. An 
X-ray analysis of the compound CoSb, was carried 
out. The effect of the presence of nickel was 
examined. The compound CoSb, appears to be a 
chemical compound of semiconductor type with a 
wide forbidden zone.” Lib. Bull. Adm. Centre Sci. 
Inform. and Liaison. Roy. Nav. Sci. Serv. p. 60, 
May 1958. 

623. Dupkin, L. D. and Aprikosov, N. K. 
Alloying of the semiconductive compound cobalt 
antimonide. Fiz. Tverdogo Tela 1: 142-145, 1959. 

In Russian. Trans. In Soviet Phys. Solid State 1: 
126-133, Jan. 1959. 

The € phase CoSb, is a semiconductor with a 
specific conductivity of 10 to 30 ohm-! cm-tand a 
thermal emf varying from —200 to 30 microvolts 
degree depending on the deviation from stoi- 
chiometry (excess Sb leads to conduction by holes). 
Alloys with 0:5°4 Cu, Zn, Al, Ti, Fe, Ni, Si, Ge, 
Sn, Pb, Bi, Se, and Te were prepared. Only Fe, Ni, 
Bi, Sn, and Te affected the electronic properties of 
the ¢ phase and their effects were studied as a 
function of concentration. Addition to Ni and Te 
increases the n-type conductivity o and the 
thermal emf a@ while decreasing the thermal con- 
ductivity. Fe brings about an increase in o and 
causes complicated changes in the magnitude and 
sign of the thermoelectric power as a function of 
concentration. Bi decreases the thermal conduc- 
tivity but does not affect appreciably other pro- 
perties. Sn changes the conductivity to p-type. 
Graphs of the temperature dependence of @ and o 
are given and the phenomena are explained in 
terms of charges and sizes of the substituent atoms. 

624. DupkKIN, L. D. and Aprikosov, N. K. 
Physicochemical study of the cobalt antimonides. 
Zhurn. Neorg. Khim. 1: 2096-2105, 1956. 

In Russian. 

The Co-Sb system was studied by X-ray and 
thermal analysis and the microstructure and 
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physical properties (electric conductivity, thermal 
emf, and heat conductivity) were determined. A 
new cobalt antimonide was found, CoSb, (&- 
phase) which is formed at 859° by a peritectic 
reaction. This compound is cubic-body centred, 
space group Th®. The Sb-Sb, Co-Sb bonds in the 
crystal lattice are covalent. The values of the 
thermal electric properties show that the com- 
pound CoSb has a predominantly metallic nature. 
The compounds CoSb, (6-phase) and CoSb, 
are semiconductors. 

625. Dupkin, L. D. and OstrAnitsa, A. P. 
Ternary semiconducting compounds A!BYVBY!, 
Akad. Nauk. SSSR. Dok. 124: 94-97, Jan. 1, 
1959. 

In Russian. 

Four compounds were studied: Cu-SbSe,, 
AgSbSe., AgSbTe., and AgBiSe., with melting 
points at 472, 634, 561 and 792°C, respectively. 
(AgBiSe, showed a polymorphic transformation 
at 298°C). Electrical and thermal conductivity, 
thermoelectric power and microhardness were 
measured. Thermal activation energies were (in 
e.v.): AgSbSe,, 0:58; CuSbSe,, 0:16 and 0-80; 
AgBiSe,, 0-34 (low temperature form) and 0-10 
(high temperature form). A chemical bonding 
scheme is suggested in which Al ions are situated 


in a covalently bonded (BY-BY!) structure. 


626. DupLey, L. P. Thermoelectric couples. 
Elec. Rev. 127: 243-244, 1940. 

Thermoelectromotive forces are given for 
several metals at various temperatures. 


627. DeEDMoND, J. T., BRoom, R. F. and Cun- 
NELL, F. A. The properties of callium arsenide. 
“Semiconductor Meeting Report,’ p. 109-117, 
Phys. Soc. 1957. 

“The purification of gallium, arsenic and 
gallium arsenide are described. Measurement of 
Hall effect and conductivity over a range of 
temperature from 1-4K to 700°C have shown some 
interesting effects. The highest figures for mobility 
(Ryo) obtained are 4680 cm? sec! volt-! for elec- 
trons and 340 for holes at 20°C. For lattice 
scattering up is approximately proportional to T-? 
but the variation of ue is uncertain. Impurity 
band conduction in p-type gallium arsenide has 
been observed. Thermoelectric power measure- 
ments yield a value of m), *= 0-5 mg and m, * = 
0:06 my approximately at room temperature. 
Magneto-resistance measurements are given for 
certain crystal orientations, field strengths, and 
directions of field.” Sci. Abs. 60A: 7898, 1957. 


628. Ecut, P. H. Thermoelectric power genera- 
tion. /n Electro-Optical Systems. Inc. Proceedings 
of a Seminar on Advanced Energy Sources and 
Conversion Techniques, Pasadena, California, 
3-7 November 1958, vol. 1, p. 83-94, figs., Pasa- 
dena, Calif. 1958. (Contract DA-—36-039-SC- 
78064) AD 209301; PB 151461. 

Discussion of difficulties inherent in the develop- 
ment of materials. 
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629. EHRENREICH, H. Transport of electrons in 
intrinsic indium antimonide. Phys. & Chem. Solids 
9: 129-148, 1959. 

The calculated mobility and thermoelectric 
power for the effective ionic charge determined 
from optical experiments, agree well with experi- 
ment. 

630. Exkers, G. J., FARNER, A. and KLaul, R. 
Thomson coefficient of some metals at high tempera- 
tures. Helv. Phys. Acta 21: 218-219, 1948. 

In German. 

Measurements of the Thomson coefficient were 
made with W (up to 2700 K), Mo (900—2200°K) 
and Pt (1200-1700 K). By means of a disappearing 
filament pyrometer temperatures were measured 
along wires consisting virtually of two wires of 
different diameter. Theoretical values (Sommer- 
feld) for the Thomson coefficient, assuming one 
free electron per one atom, are given by —1-2 x 
10-*VT/deg K (V=voltage), the observed values 
being: W, 0-93, Mo, 1-05; Pt, 1-05, instead of 1-2. 

631. ELPATEVSKAYA, O. D. and ReGeL’, A. R. 
Concerning some possibilities of measuring the 
intensity of hall emf film transducers made of 
HgSe, HgTe, or their solid solutions. Zhurn. Tekh. 
Fiz. 26: 2432-2438, Nov. 1956. 

In Russian. 

Mercuric selenide and mercuric 
mercuric telluride are suitable materials for film 
transducers to measure the Hall electromotive 
force which indicates the intensity of the magnetic 
field. The sensitivity of these transducers approach- 
es that of germanium and indium antimonide. 
(Rev. Met. Lit. 14: 74—P, 1957.) 

632. ELPAT EVSKAYA, O. D. Electrical properties 
of thin layers in the system HgSe-HgTe. Zhurn. 
Tekh. Fiz. 28: 2676-2683, 1958. 

In Russian. 

Electrical conductivity (o), thermoelectric power 
(a) and Hall effect were studied in the range —200 
to 100°C for layers evaporated on to mica or glass. 
Layers rich in HgSe showed extremely small 
variation of o with temperature, unlike those rich 
in HgTe. The highest @ values were obtained for 
the latter (~ 120 uV/deg). Mobilities approached 
those for single crystals, at room temperature but 
tended to saturate at low temperatures. Compari- 
son was made between this behaviour and that for 
compressed powders and specimens grown from 
the melt, to investigate the effect of crystal size. 
Sensitive Hall probes were prepared which showed 
negligible variation of Hall emf over the range 

200° to 80°C. 

633. EMEL’YANENKO, O. V. and NASLEDOV, 
D. N. The electrical properties of gallium arsenide 
at low temperatures. Zhurn. Tekh, Fiz. 28: 1177 
1187, June 1958. 

In Russian. 

Measurements were made on the Hall constant, 
electrical conductivity, and transverse magnetoresis- 
tance from 1-5 to 300°K; the thermoelectric power 
was also measured from 120-700°K. The four 


selenide- 
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specimens studied were n-type; two were poly- 
crystalline, and two single-crystal. 


634. Epstemn, A. S., Frivzscue, H. and LARK- 
Horovitz, K. Electrical properties of tellurium 
at the melting point and in the liquid state. Phys. 
Rev. 107: 412-419, 1957. 

The electrical resistivity, the Hall coefficient, 
and the thermoelectric power of spectroscopically 
pure Te decrease abruptly at the melting point, 
445°C. The last two properties are positive up to 
~ 575°C, but there reverse their sign and remain 
negative up to the highest temperature measured, 
~950 C. The of the liquid metal 
decreases as the temperature increases to a 
constant value of 3°6 x 10-4Qcm. at ~ 650°C. 
The results show that Te is a p-type semiconductor 
at low temperatures but is intrinsic at higher 
temperature, the semiconducting properties being 
retained in the liquid state. Further increase of 
temperature brings about a gradual transition to 
metallic conduction. 


resistivity 


635. ERDMANN, J., SCHULTZ, H. and Appet, J. 
The magnetic variation of thermoelectric power of 
Ge single crystals at low temperatures. Z. Natur- 
forsch. 12A: 171-174, Feb. 1957. 

Results of measurements on pure n-type speci- 
mens are briefly reported and discussed. The 
changes of thermoelectric power as a function of 
magnetic field strength in the range O—17 kG are 
plotted for 22-9, 59-0 and 82°4K. 


636. ERDMANN, J. The change in thermoelectric 
power with magnetic field in germanium at low 
temperatures. Z. Naturforsch. 13a: 650-662, 
Aug. 1958. 

In German. 

The change in thermoelectric power with 
magnetic field for p-germanium with different 
doping levels is reported. The measurements were 
performed between 20° and 90°K. The following 
results were found: (J) The change in thermo- 
electric power has the same dependence on the 
magnitude and the orientation of the magnetic 
field as does the magnetoresistance. (2) The change 
in thermoelectric power decreases with increasing 
contribution of ionised impurity _ scattering 
mechanism. The measured results are in good 
qualitative agreement with a theory of Appel, 
which considers the deviation of the lattice vibra- 
tions from thermal equilibrium. The anisotropy 
of the change in thermoelectric power is discussed 
on the basis of the theory of Abeles and Meiboom. 


637. Evraets, J. C. Thermoelectric material. 
U.S. Patent 2,881,236. 
Abstracted in: U.S. Patent 
Gazette 741(1): 224, Apr. 7, 1959. 
A thermoelectric element of a thermocouple is 
composed of an alloy containing 6-25° Mo, 
2-10°%% Cr and the balance iron. 


Office Official 


Abstracts 


638. FAGEN, E., Gorr, J. and PEARLMAN, N. 
Thermal conductivity and thermoelectric power of 
germanium at low temperatures. Phys. Rev. 94: 
1415, 1954. 

Abstract only of paper given at meeting of the 
American Physical Society, Detroit and Ann 
Arbor, Mich., March 1954. 

“The effect on low-temperature thermal con- 
ductivity, k, and thermoelectric power, Q, of 
semiconductors, due to neutron bombardment, is 
being investigated. 


639. Faus, H. T. and RipGtey, D. E. Thermo- 
electric element. U.S. Patent 2,712,563 (to General 
Electric), Jly, 1955. 

The alloys used are prepared by melting a 
mixture of In and Te in the desired proportions 
and casting into suitable forms. The resistivity of 
the thermocouple elements increases linearly to a 
maximum of about | -8 ohms when indium content 
is 18-24°,. While the thermocouple elements of 
this invention can be used with any suitable 
negative element having a high negative thermal- 
emf, preferred negative elements are those con- 
taining about 58°, Te and 42°% Bi. 


640. Faust, J. W., Jr. The etching of Bi,Te,Se 
(,-x). Jn Westinghouse Research Laboratories, 
Pittsburgh, Pa., Thermoelectricity Progress Report 
12, 5 p., illus., Jan. 1959. 

Limited availability. 

Dwells briefly on the mechanical Process and 
discusses chemical and electrolytic etches. 


641. FiecpinG, P. E. and GUTMAN, F. Electrical 
properties of phthalocyanines. J. Chem. Phys. 26: 
411-419, Feb. 1957. 

The electrical conductivity of a single crystal 
of metal-free copper, nickel, and cobalt phthalo- 
cyanines were measured over temperature ranges 
extending from 50 to 390°C. The weighted mean 
values of the activation energies obtained were 
1-71 eV for the metal-free, 1-60 eV for the cobalt, 
and for the nickel, and 1-64 eV for the copper 
substituted compounds. A thermoelectric power of 
+50 u V/°C was measured for metal-free and for 
copper phthalcyanine, indicating that the majority 
of carriers are holes. Since the values of the con- 
stant o. were found to be in the order of 100Q-! 
cm-! it is concluded that their mobilities are rather 
low. 


642. FINLAyson, D. M. and Greic, D. Thermo- 
electric measurements on natural galena at low 
temperatures. Phys. Soc. Proc. 73: 49-53, figs., 
Jan. 1, 1959. 

The thermoelectric power of n-type single 
crystals of natural galena has been measured down 
to liquid hydrogen temperatures. The theory de- 
veloped by Howarth and Sondheimer fits the 
experimental results fairly well. An _ electron 
effective mass ratio in the range 0-11-0-19 was 
obtained. No evidence of phonon drag effects was 
observed. 


Abstracts 


643. FiscHeR, GASTON; Wuite, G. K. and 
Woops, S. B. Thermal and electrical resistivity of 
tellurium at low temperatures. Phys. Rev. 106: 
480-483, May 1, 1957. 

The maximum thermal conductivity in the case 
of a single crystal of 3-mm. diameter is about 
10 watts per cm. deg. at 4K. 

644. FISCHER, MARGARETE and Hitter, J. E. 
The thermoelectric effect of pyrite. Neues Jahrb. 
Mineral Abh. 89: 281-301, 1956. 

In German. Not examined. 

“Measurements were made on 55 samples of 
various types of origin. Some samples showed 
considerable variation from one part of a single 
crystal to another. No relation could be established 
between the sign or magnitude of the thermoelectric 
effect and the crystal form or the temperature of 
formation contrary to Smith. Qualitative spectro- 
graphic analyses indicated that Co, Ni, and Cu 
were highest in samples giving negative effects: 
As, Sb, and Mn were highest in those giving posi- 
tive effects. Unit-cell determinations on 17 samples 
gave 5-412-5-418 +-0-001 A; one other sample gave 
a 5-465+0-001 A.’ Chem. Abs. 51: 2477, 1957. 


645. FiscHer, W. A. and Lorenz, G. Develop- 
ment of an oxide thermocouple. Arch. Eisenhuttenw. 
29: 292-300, 1958. 

In German. 

The thermal emf of the oxide couple described 
is up to 100 times greater than those of metallic 
thermocouples, is reproducible and remains un- 


changed even after continuous and _ repeated 
heating. The emf of 1700°C is quoted as 246 mV. 

646. FiscHeR, W. A. and LORENZ, GERT. 
Elektrische widerstandsund thermokraftmessungen 
an chrom bei temperaturen bis 1750. 
(Measurements of the electrical resistance and 
thermoelectrical force in chromium (II1)—oxide at 
temperatures up to 1750°). Arch. Eisenhuttenw. 28: 
497-503, Aug. 1957. 

In German. 

Conductivity of chromium (III) oxide from 900 
to 1750°C. Calculation of the transport number 
of Cr*+ ions in chromium at 1500°C. 
Effects of additions of metal oxides on electrical 
properties. 

647. Foster, A. W. Thermoelectric property of 
nickel-chromium alloys. Phil. Mag. 18: 470, 1934. 

The thermoelectric power with respect to copper 
is determined for various alloys of nickel and 
chromium. 

648. Franklin Institute. Laboratories for Re- 
search and Development, Boston, Mass. Research 
in thermoelectricity. Final Report, by C. A. 
DomENICALI. n.p., 1955. (AD 64170). 

Work on the purification of Sb and Te for 
investigating the electrical and thermoelectric 
properties of the Sb—-Te system. Studies were made 
between —195 to 600°C. 

649. Franklin Institute 
search and Development, 


Laboratories for Re- 
Philadelphia, Pa. 
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Development of thermocouples for use on thermo- 
electric generators. Final Report, 30 April 1947 
30 September, 1950. 48 p., 1950. (Rept. F-1992-12) 
(Contract W36-039-sc-33654) (PB 144 088). 

The development of Zn-Sb alloys, properties of 
PbS, and the design and construction of an ex- 
perimental thermoelectric generator. Thermo- 
electric properties have been investigated most 
thoroughly for PbS and the intermeta!lic compound 
Zn—Sb. 

650. FRepeRIKSE, H. P. R. Compound semi- 
conductors. J. Metals. 10: 346-350, illus., May 
1958. 

Thermoelectric power, p. 350. 

651. FREDERIKSE, H. P. R. Thermoelectric power 
of germanium below room temperature. Phys. Rev. 
92: 248-252, Oct. 15, 1953. 

Measurements were made on n-type Ge samples 
in the range 10-300 K. The temperature dependence 
at temperatures above 200 K is in good agreement 
with conventional theory but below this tempera- 
ture the thermoelectric power rises sharply above 
the predicted value and reaches a maximum of 
several millivolts per degree (with Cu) at 15 K. 
This deviation is due to the disturbance of the 
phonon equilibrium. 


652. FReEDERIKSE, H. P. R. and MIELCZAREK, 
E. V. Thermoelectric power of indium antimonide. 
Phys. Rev. 99: 1789-1890, Sept. 15, 1955. 

Measurements of the thermoelectric power of a 
p-type and an n-type specimen over the tempera- 
ture range 60-400°K are reported; wide differences 
are found between the two characteristics. 

653. FREDERIKSE, H. P. R. Thermoelectric power 
in germanium single crystals. Phys. Rey. 91: 491, 
Jly. 15, 1953. 

Abstract only. 

“Agreement with Q=(k/e) (const-J/T), was 
obtained above 200°K. Below this temperature, 
Q rises sharply above the value given by the above 
formula. A maximum Q of several mv per degree 
is reached near 15°K and approaches zero as T 
approaches zero. The above formula is obtained 
on the assumption that the phonons of the lattice 
are in equilibrium. This, however, does not hold 
in insulators and semiconductors where most of the 
heat flow is carried by phonons. It can be shown 
that this leads to an extra term for Q proportional 
to the ratio of phonon to electron mean free paths. 
The former can be estimated from the thermal 
conductivity whereas the latter is known from 
electrical measurements. Using these values the 
sharp rise of Q below 200 K can be accounted for 
by the extra term.” Entire item quoted. 

654. Freperikse, H. P. R. and Hoscer, W. R. 
rhermoelectric power of titanium dioxide. 4m. Phys, 
Soc. Bull. 4: 180, Mar. 30, 1959. 

Abstract only. 

“Rutile single crystals were reduced to different 
extent (weight loss 0-01-0-1°% or doped with 
pentavalent icas (Ta, Nb) by diffusion. Both 
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treatments produce a light to dark colour de- 
pending on the concentration of vacancies or 
foreign ions. The thermoelectric power Q(300- 
1200 K) resistivity p(4-1200°K) and the Hall 
coefficient R(~ 30-600°K) were measured as a 
function of temperatures in the indicated ranges. 
The temperature dependence of the reduced and 
the doped samples is qualitatively the same above 
78°K. The Hall mobility depends on the crystallo- 
graphic direction, but varies little between samples 
(for T >200°K). Both the energy band picture and 
the localised level model were used in analysing the 
thermoelectric data. From the band picture one 
obtains an effective mass of the order of 10-80 m, 
in reasonable agreement with previous results. 
The density of states is in both cases within an 
order of magnitude of the number of Ti ions. It is 
suggested that the conduction around room 
temperature takes place in a very narrow 3d band 
of Ti.” 

655. Fukuort, T., TANUMA, S. and TosBisawa, S. 
Electrical properties of antimony-doped tellurium 
Tohoku Univ. Res. Inst. Sci. Rpt. Aa: 


1952. 


Entire item quoted. 


crystals. 
283-297, illus., 


Electrical resistivity, Hall effect and thermo- 
electric power of tellurium crystals alloyed with 
antimony of quantities between 0-002 and 5 
atomic per cent have been measured in the tem- 
perature range from liquid air temperature to 
300 C, and the data are compared with the 
properties of pure tellurium crystals with a view 
to clarifying the change properties 
accompanying the increase of acceptor impurities. 

656. Fukuort, T., TANUMA, S. and Tosisawa, S. 
Electric resistance, Hall effect, magnetoresistance 
and Seebeck effect in a pure tellurium film. Zohoku 
Univ. Res. Inst. Sci. Rpts. Ser. 1A: 365-373, Dec. 
1949. 

Measurements were carried out on Te films, 
deposited by evaporation on glass plates, between 

195° and 60°C. The temperature variation of 
resistance was measured, the temperature co- 
efficient being negative. The Hall coefficient is 
positive and proportional to the resistance. The 
thermoelectric power (against Al) is positive with 
an anomalous change of slope at —100°C. The 
results are briefly discussed from the standpoint 
of semiconductor theory. 

657. Fuxuort, T., TANUMA, S. and TosBIisAwa, S. 
On the electromagnetic properties of single crystals 
of tellurium. I. Electric resistance, Hall effect, 
magnetoresistance, and thermoelectric power. 
Tohoku Univ. Res. Inst. Sci. Rpt. A. 1: 373-386, 
diags., 1949. 

The resistivity, the Hall, the magneto resistance, 
and the Seebeck effects are investigated with 
respect to the highly purified single crystals of 
tellurium over the temperatures ranging from 
—190 to +300°C. The said crystals are found to be 
a p-type extrinsic semiconductor at low tempera- 
tures, while an intrinsic conduction supersedes it 
above ice point. The energy gap between the con- 


electrical 


duction band and the normally filled band are 
estimated at 0-34 eV. In terms of the electric and 
the galvanomagnetic data, the concentrations, the 
mobilities, the effective masses, and the mean free 
paths of positive holes and electrons are expressed 
as functions of temperature. The thermo-emf data 
are also compatible with the above results. 


658. Fukuror, T. and TANUMA, S. Thermoelec- 
tric power of the non-polar semiconductor, that of 
tellurium crystals, as an example. Tohoku Univ. Res. 
Inst. Sci. Rpts. 4A: 353-368, Aug. 1952. 

To explain the experimental results on the 
thermoelectric power of the crystals of pure 
tellurium and those alloyed with less than 5°, 
antimony, and thermoelectric power of the non- 
polar composite semiconductor in general has 
been derived. Numerical calculations carried out 
for tellurium crystals have shown that the measured 
characteristics can well be accounted for through- 
out the temperature range being studied. The 
quantitative discordance observed at higher 
temperatures has been explained by a more or less 
elaborated theory in which a dual-band structure 
which consists of two overlapped energy bands is 
assumed for the conduction band, the same band 
scheme being compatible with other electric 
properties of tellurium. 

659. Futter, T. S. Thermoelectric force of 
certain iron alloys. Electrochem. Soc. Trans. 27: 
241-251, 1915. 

Thermocouples having elements of various iron 
alloys are discussed. Their electromotive forces are 
listed 


660. FUMERON—RODOT, H. and Roport, 
MICHEL. Some properties of mercury telluride. 
Acad. Sci. Paris. Compt. Rend. 248: 937-940, 
Feb. 16, 1959. 

In French. 

Specimens of n- and p-type HgTe were prepared. 
The room temperature Hall mobility of electrons 
was as high as 22000 cm?V-!sec"'. The mobility 
ratio was in agreement with the value of 70 given 
by Lawson, Nielson and Young. Studies of the 
magnetothermoelectric effect and of the Nernst 
effect from 77° to 300°K suggest that the mobility 
is limited by collisions of the electrons with the 
acoustic phonons. 


661. Fuscuitto, N., Bierty, J. N. and 
DonaAHor, F. J. Transport properties of the 
pseudo-binary alloy system Bi,Tes-,Sey. Jn Ad- 
vances in Semi-Conductor Science. Proceedings of 
the Third International Conference of Semi- 
conductors held at the University of Rochester 
Aug. 18-22, 1958, p. 430-433, New York, 
Pergamon Press, 1959. 

The alloy system Bi,Te;-ySey has been the 
subject of a number of investigations in recent 
years because of the possible application of these 
alloys in thermoelectric devices. In this paper is 
presented a systematic study of the temperature 
variation of the electrical conductivity, o, and the 
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Seebeck coefficient, S, and the room temperature 
thermal conductivity, K, as Se is substituted for 
Te in the molecular formula Bi.Te3_,-Se, until 
Bi,Te, is transformed into Bi,Ses. 

662. FuscHiLto, N. Critical study of asym- 
metrical temperature gradient thermoelectric effect 
in copper and platinum. Phys. Soc. Proc. 65: 
896-904, Nov. 1, 1952. 

Experiments in producing pronounced asym- 
metrical temperature-gradients in metallic wires 
without mechanically straining; measurement of 
electromotive forces developed; relation to 
improved method for testing and selecting wire for 
thermoelectric thermometers. 

Includes bibliography. 

663. FuscHILLO, N. Thermoelectric effects due 
to stationary and moving asymmetrical temperature 
gradients in mercury. Phivs. Soc. Proc. 66: 649-653, 
Aug. 1, 1953. 

Experimental data are compared with earlier 
work on Cu and Pt. 

664. Gaines, G. B. and Sims, C. T. Electrical 
resistivity and thermoelectric potential of rhenium 
metal. Am. Soc. Test. Mat. Proc. 57: 759-768, 
1957. 

Thermoelectric potentials (E in mV) of junctions 
between Rh and Mo, W, and Ta, respectively, 


were measured from 870 to 2490°C. Rh/Ta 


junctions are unstable with time at a particular 
temperature and are of no value as thermocouples. 


665. GALGINAITIS, S. V. Physical properties of 
thermoelectric materials. Refrig. Eng. 66: 46-48, 
Jly. 1958. 

Following the development of the potentialities 
of the Peltier effect from the engineering aspect, 
the subject is approached from the angle of 
materials which may be selected for the purpose. 

666. GALKIN, G., DoLGIKH, G. and YURKOV, 
\V. Electric properties of Sb.S, and of Bi.S,. 
Zhurn. Tekh. Fiz. 22: 1533-1539, 1952. 

In Russian. 

The experiments were to study the variation of 
electric conductivity and of thermo-emf as func- 
tions of temperature, in sulfides of Bi and Sb, 
carrying various amounts of S in excess of the 
stoichiometric formulaes. The technique for the 
production of samples is described in detail. 
Measurements were by the ordinary compensation 
method. For Sb.S, the curves of o and a as func- 
tions of temperature were established in the interval 
150-—300° and in some cases 250-450°. The curves 
show that o and a decrease when the excess of S is 
removed by heating in a stream of H. For Bi,S, 
it was discovered that the thermo-emf of the 
samples once heated corresponded at room 
temperature to predominantly electron-hole con- 
ductivity. The curves of thermoemf as a function 
of temperature showed that the emf of the couple 
Ni-Bi,S, changes sign in the region 150—200°. 
Electron-hole conductivity at lower temperature 
passed to electron conductivity at higher tempera- 


ture. The curves of o and a@ as functions of tem- 
perature are analogous. After the samples are 
heated in S vapour the electron-hole component of 
the conductivity disappears. 

667. GEBALLE, T. H. Group IV semiconductors. 
In Hannay, N. B., ed. Semiconductors, p. 313-388, 
N.Y. Reinhold, 1959. (Am. Chem. Soc. Mono- 
graph Series 140). 

Includes information on thermal transport 
problems, thermal conductivity, thermoelectricity 
of silicon, germanium, and silicon carbide. 

668. GEBALLE, T. H. and Hutt, G. W. Isotopic 
and other types of thermal resistance in germanium. 
Phys. Rev. 110: 773-775, 1958. 

Letter. Electric conductivity and Hall, thermo- 
electric, and Nernst effects were measured on a 
crystal of enriched Ge’*. The effect of the presence 
of isotopes on the thermal conduction and other 
properties is discussed. 

669. GEBALLE, T. H. and HULL, G. W. Seebeck 
effeect in germanium. Phys. Rev. 94: 1134-1140, 
June 1, 1954. 

An apparatus for making measurements of the 
Seebeck effect between 20 K and 375 K is described. 
Experimental curves of the Seebeck effect are given 
for a series of germanium crystals in which various 
concentrations of acceptor and donor atoms have 
been incorporated. The Seebeck data are compared 
with Hall data obtained concurrently. Above 250 K 
the two effects can be correlated by means of 
existing theory. Below 250 K a marked discrepancy 
occurs between existing theory and experiment. 
The temperature dependence of this discrepancy 
and its dependence upon concentration of added 
atoms are given. The results are consistent with a 
new theory proposed by C. Herring which con- 
siders an interaction between the phonon and 
electron systems. A dependence of Seebeck voltage 
upon sample dimension which is predicted by 
Herring’s theory has been found in the temperature 
region below 50 K. A value (0°75-+0-2) m has 
been determined for the mass parameter of both 
holes and electrons which enters into the “density 
of states”’ equation. 

670. GEBALLE, T. H. and HULL, G. W. Seebeck 
effect in silicon. Phys. Rev. 98: 940-947, May 15, 
1955. 

The silicon effect has been measured from 
liquid hydrogen temperatures into the intrinsic 
range for a series of single-crystal silicon samples 
in which varying concentrations of donor and 
acceptor atoms have been incorporated. Large 
values of Seebeck voltage believed to be caused by 
the type of phonon-electron coupling previously 
postulated as occurring in germanium have been 
found. This effect is found to be dependent upon 
charge carrier concentration, and upon sample 
dimension below 100°K. A_ low-temperature 
reversal of the sign of the Seebeck voltage is 
observed for large carrier concentrations. It is 
understandable in terms of impurity band con- 
duction. The behaviour above room temperature 
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into the intrinsic range is found to be consistent 
with electrical conductivity data. 


671. Gepatte, T. H. Thermoelectricity and 
conduction in InSb. Am. Phys. Soc. Bull. 2: 56, 1957. 

Abstract only of paper presented at Annual 
Meeting of American Physical Society, New York, 
January 30—February 2, 1957. 

Measurements of the thermoelectric power, Q, 
and the thermal conductivity K for p-type InSb 
from liquid helium to intrinsic temperatures show 
the following behaviour: For 2% 10'* excess 
acceptors per cm® a large Q,, the phonon drag 
contribution to Q, is observed as reported by 
Frederikse and Mielczarek. Q, equals 4800 uv per 
degree at 30°K, and varies as T-*** up to 70°K. 
This temperature dependence, the boundary 
scattering effect, and a saturation effect observed 
in less pure material are understandable in terms 
of Herring’s theory. 


672. GEIKHMAN, D. S., ROMANKEVICH, V. N. 
and StpyAkIn, V. G. The electrical properties of 
polycrystalline selenium with halogen impurities 
(Br., I,). Soviet Phys. Solid State 1: 196-202, 
Feb. 1959. 

Trans. of Russian article. 

The present study investigates the effects of 
bromine (0-25 to 4%, Br), of chlorine (0-001 to 4% 
C1), and of iodine (0-001 to 4° I) on the electrical 
and thermoelectric properties of polycrystalline 
selenium. 


673. GEIKHMAN, D. S., ROBANKEVICH, V. N. 
and Sipyaktin, V. G. The electrical properties of 
polycrystalline selenium with halogen impurities 
Br., Cl,, I,. Soviet Phys. Solid State. 1: 196-202, 
Feb. 1959. 

The present study investigates the effects of 
Br (0:25 to 40/o Br), Cl (0-001 to 40/0 Cl), and I 
(0-001 to 40/o I) on the electrical and thermo- 
electric properties of polycrystalline Se. 

Results indicate the thermal emf coefficient a is 
smaller for halogen-doped specimens than for 
pure Se. 

English translation of article in Fiz. 
Tela. 1: 218-226, Feb. 1959. 


T verdogo 


674. Get’p, P. V. Thermal and thermoelectric 
properties of alloys of silicon with transition metals. 
Sov. Phys. Tech. Phys. 2: 95-99, Jan. 1957. 

Translation of Russian article in Zhurn. Tekh. 
Fiz. 27: 113-118, 1957. 

Test results for alloys of silicon and 
chromium, and manganese. Thermoelectric force 
thermal conductivity, coefficient of expansion, 
specific heats, and electrical conductivity are all 
determined. 


iron, 


675. General Dynamics Corp., General Atomic 
Div., San Diego, Calif. High temperature broad 
band semiconductors. by S. W. KuRNIcK. Monthly 
Progress Report for September 1959. 6 p., illus., 
Oct. 12, 1959. (Contract Nobs 77144) (AD 228 492) 


Abstracts 


Efforts are being made to investigate the thermo- 
electric conductive and galvanomagnetic pro- 
perties of high temperature, broad-band semi- 
conductors. The study is based, first, on the pre- 
paration of Ce-S semiconductors in which non- 
stiochiometry is pronounced. Similarly, a second 
system under investigation is that of the solid-state 
solutions of MgO-CoO-MgO-FeO and MgO-NiO. 


676. General Electric Co. Schenectady, N.Y. 
Thermoelectric stability of thermocouple materials 
at elevated temperatures, by J. M. Berry and D. L. 
MartTIN. 30 p., Mar. 1955. (Rpt. 55-RL-1234). 

A study of the thermoelectric stability of ten 
metallic materials was made. In the experimental 
technique used, the materials were aged _ 
thermally at 780°C, and each material was indi- 
vidually evaluated by comparison with platinum 
at the steam and zinc melting temperature reference 
points. The results are believed to be more suitable 
for the evaluation of thermoelectric stability than 
are results obtained by testing materials under 
gradient conditions as thermocouples. In addition, 
the isothermal results can be used to estimate the 
performance of thermocouples. It is also concluded 
that a stabilisation treatment prior to use will 
improve the stability of some base metal thermo- 
couples. The effects of ageing in air and in a 
vacuum were studied. Scatter in the data obtained 
from vacuum-aged specimens suggests that 
optimistic assumptions about the efficacy of 
“protective” atmospheres may unjustified. 
Very pure nickel and silver are quite stable in air 
at 780 C. This combination makes a thermocouple 
which, even after long periods of use, is relatively 
insensitive to changes in temperature distribution. 


677. General Mills, Mechanical Division, Min- 
neapolis, Minn. Progress report on investigations 
of bismuth tellurium sulfur compounds. by H. H. 
SOONPAA, 21 p., Apr. 7, 1960. (Tech. Rept. |, 
Rept. 1940) (Contract Nonr-1589(14) ). 

This report covers the compound of the com- 
position Bi,(Te, S), with the Te, S ratio ranging 
from 100 : 0 to 50 : 50. 


678. GeorGE, W. R., SHARPLES, R. and 
THompson, J. E. The Sintering of bismuth telluride. 
Phys. Soc. Proc. 74: 768-769, Dec. 1, 1959. 

The use of sintered material was considered to 
overcome the difficulty, for commercial application 
such as refrigeration, of fragile zone refined 
material. p-type zone refined bismuth telluride 
was made from bismuth and tellurium (purity i in 
10°), with iodine doping, by melting the stoichio- 
metric proportions in a closed evacuated tube and 
subsequent zone refining. The material was crushed 
to 100-mesh size and the resulting powder com- 
pacted at various temperatures. The samples were 
sintered at temperatures up to the melting point. 

This note records variation of the thermoelectric 
power of bismuth telluride with sintering tempera- 
ture. 
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679. GLiascock, H. H. and Henstey, E. B. 
Thermoelectric effect and electrical conductivity of 
calcium oxide. Am. Phys. Soc. Bull. 2: 271, 
June 20, 1957. 

Abstract. 

“The qualitative similarity of measurements of 
the electrical conductivity and thermoelectric effect 
of sprayed aggregates of CaO to measurements 
made on (BaSr)O by Young suggest that CaO is 
also a pore conductor. 

Plots of the thermoelectric power vs the reci- 
procal temperature exhibited a maximum in the 
neighbourhood of 1100°K and dropped sharply 
in the vicinity of the break in the conductivity 
curve. The shape of the thermoelectric curve was 
very similar to the case of (BaSr)O.” 

680. GLICKSMAN, M. The magnetoresistance of 
electrons in InP and GaAs. Phys. & Chem. Solids 
8: 511-515, figs., 1959. 

The band structure of n-type InP was investi- 
gated by galvanomagnetic, optical and thermo- 
electric power measurements. 

681. Gorr, J. F. and PEARLMAN, N. Transport 
properties of compensated degenerate germanium. 
I. Electrical resistivity and thermoelectric power. 

im. Phys. Soc. Bull. 4: 410, Nov. 27, 1959. 

Abstract of paper. 

The effect of gallium compensation of antimony 
doped germanium single crystals on the electrical 
resistivity p and the thermoelectric power Q has 
been observed between 1-2 and 80°K. 

682. Gorr, J. F. and PEARLMAN, N. The trans- 
port properties of semiconductors at low tem- 
peratures. Jn Purdue University. Dept. of Physics. 
Semiconductor Research. Twelfth Quarterly Re- 
port, May to July 31, 1959, p. 8-11, Lafayette, Ind., 
Purdue University, 1959. 

The thermal conductivity K, thermoelectric 
power Q, and the electrical resistivity p are being 
measured for a single crystal germanium sample 
with an estimated total impurity concentration 
N,-2:010!8 cm-* and an exhaustion electron 
concentration Nex 25-3 x cm-?. 

683. Gorr, J. F. and PEARLMAN, N' The trans- 
port properties of semiconductors at low tempera- 
tures. Jn Purdue University. Dept. of Physics. 
Semiconductor Research. Eleventh Quarterly 
Report, February 1 to April 30, 1959, p. 812-, 
Lafayette, Ind., Purdue Research Foundation and 
U.S. Signal Corps., 1959. (PRF Rept. 1258) 
(Contract DA36-039-sc-71131). 

In addition to having continued the investigation 
of the behaviour of n-type, heavily compensated 
germanium, the thermal conductivity, thermo- 
electric power, and the electrical resistivity of a 
p-type indium antimonide sample have been 
measured. These samples are discussed separately. 


684. Gorr, J. F. and PEARLMAN, N. Transport 
properties of germanium at low temperatures. 
In Purdue University, Dept. of Physics. Semi- 
conductor Research. Thirteenth Quarterly Report, 


August 1 to October 31, 1959, p. 13-15, figs., 
Lafayette, Ind., 1959. Purdue University (Contract 
DA36-039-sc-71131). 

Extensions to about 150°K of data on thermal 
conductivity K, thermoelectric power Q and 
electrical resistivity p for a single germanium 
sample. 

685. GoLAND, A. N. and Ewap, A. W. Ther- 
moelectric power of gray tin. Phys. Rev. 104: 
948-953, Nov. 15, 1956. 

The measured power of p-type samples is 
analysed into electronic and phonon contributions 
with Hall and electrical conductivity data. 


686. GOLAND, A. N. and Ewa.p, A. W. 
Thermoelectric power in grey tin filaments. Semmi- 
conductor Abs. 4: 466, 1956. 

Abstract only of paper given at American 
Physical Society meeting, Washington, D.C., 
April 26-28, 1956. 

“Thermoelectric power measurements have been 
carried out on grey tin filaments in the temperature 
range from 77 to 270°K for pure samples, and for 
n-type and p-type samples with varying impurity 
concentrations. Pure samples are always n-type, 
and exhibit a maximum of approximately —100 
microvolts/°K in the neighbourhood of 100°K. 
Other n-type samples have a maximum of about 

160 microvolts/°K at somewhat higher tempera- 
ture, and this maximum shifts to higher tempera- 
ture as the impurity concentration is increased. 


The p-type samples also exhibit a maximum of the 


order of 140-160 microvolts/°K which occurs in 
the range 90-100°K. All p-samples become n-type 
as the temperature rises, and the crossover point 
shifts to higher temperature as impurity concen- 
tration increases. Preliminary analysis indicates 
that the phonon effect may be much more im- 
portant in p-type than in n-type material.” 
Entire item quoted. 

687. Gow’BeRG, A. I., Lipatova, V. A. and 
GeL’p, P. V. Electrical properties of iron-silicon 
alloys. Ural. Politekh. Inst. im S.M. Kirova, 
Sbornik. Trudy. 72: 252-254, 1957. 

In Russian. 

“Alloys were prepared containing between 
47 and 59°% Si in Fe. The samples were annealed 
at 800° for 10 to 12 hours and slow-cooled, or 
1000° and water-quenched. Electrical resistivity, 
Hall coefficient, and thermoelectric power were 
measured at room temperature. The results were 
presented graphically and all of the measured 
parameters show a large discontinuity at 50%. 
Both the Hall coefficient and thermoelectric power 
were positive at this composition and passed 
through zero at approximately 47 and 53%. 


H. J. Heat conduction in 
17-26, 


688. GOLDSMID, 
bismuth telluride. Phys. Soc. Proc. 72: 
Jly. 1958. 

The Lorenz number of the semiconductor 
Bi,Te, has been evaluated, for the range of partial 
degeneracy, from data provided by the measure- 
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ments of electrical conductivity and thermoelectric 
power. The calculated electronic component of the 
thermal conductivity, for p-type material, has been 
found to agree with the experimental results, 
assuming the lattice thermal conductivity to be 
independent of the electrical conductivity. 


689. Go.tpsmip, H. J. The electrical conductivity 
and thermoelectric power of bismuth telluride. 
Phys. Soc. Proc. 71: 633-646, Apr. 1958. 

The electrical conductivity and thermoelectric 
power of the semiconductor Bi,Te, have been 
measured between 150 K and 300 K. Both n-type 
and p-type samples with a wide range of carrier 
concentration have been included. Most samples 
have shown extrinsic conduction and have been 
partially degenerate over at part of the 
temperature range, so it has been necessary to use 
Fermi Dirac statistics in interpreting the results. 
A few samples have exhibited mixed and intrinsic 
conduction at the higher temperatures. It has been 
possible to determine the variation of carrier 
mobility with temperature and to estimate the 
energy dependence of the relaxation time, as well 
as a number of the semiconductor parameters. 

Also in Semiconductor Electronics, 2: 2000, Jly, 
1958: in Metals Rev. 31: 356-P, Aug. 1958; 
Electronic & Radio Engr. 35: 2473, Aug. 1958, 
Nuclear Abs. 12: 9238, Jly. 31, 1958 and in Brit. 
Sci. Instr. Res. Assoc. Bull. 13: 163, June, 1958. 


least 


691. Gotpsmip, H. J., JENNs, C. C. and 
WRIGHT, D. A. The thermoelectric power of a 
semiconducting diamond. Phys. Soc. Proc. 73: 
393-398, Mar. 1, 1959. 

The thermoelectric power of a p-type semi- 
conducting diamond has been measured in the 
temperature range 220-700 K. After subtracting 
an electronic component, estimated from the 
previous Hall effect measurements on the sample, 
it has been possible to determine the phonon- 
drag component of the thermoelectric power. This 
component has been found to vary with tempera- 
ture approximately as T-*:°, with a value of about 
2-5 mV deg-! at room temperature. The magnitude 
of the effect is of the order to be expected from the 
known behaviour of germanium and silicon. 


691. Gotpsmip, H. J., SHEARD, A. R., and 
WriGHt, D. A. The performance of bismuth 
telluride thermojunctions. Brit. J. Appl. Phys. 9: 
365-370, figs., Sept. 1958. 

The thermoelectric properties of n-type and 
p-type bismuth telluride between 150 and 300 K 
have been measured and the figure of merit for 
thermoelectric applications has been calculated. 
This figure of merit has been shown to be highest 
for material with an electrical conductivity of 
about 1000Q-' cm-! with current flow parallel to 
the cleavage planes. Its value at 290 K corresponds 
to a maximum cooling by means of the Peltier 
effect of about 65°C, and an efficiency of thermo- 
electric generation of 1°% for a 25°C. temperature 
difference. 
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692. GoLtpsmip, H. J. On the thermal and 
electrical conductivity of semiconductors. Phys. Soc 
Proc. 67B: 360-363, Apr. 1954. 

The ratio of the carrier mobility to thermal 
condition is shown to vary rapidly and smoothly 
with mean atomic weight. 


693. GoLpsmip, H. J. The thermal conductivity 
of bismuth telluride. Phys. Soc. Proc. 69B: 203-209, 
Feb. 1956. 

Measurements were made in the temperature 
range 150-300 K. It has been found that the elec- 
tronic contribution to the conduction of heat is 
considerably greater for specimens in which the 
charge carriers are intrinsically excited than for 
those in which most of the carriers arise from im- 
purity concentration. This can be explained by the 
proposed theory which takes into account the 
transfer of ionisation energy down a temperature 
gradient. 


694. Gonpo, Y. and FUNATOGAWA, Z. On the 
magneto-thermoelectric power of iron crystal at low 
temperatures. Phys. Soc. Japan J. 7: 589-592, 
Nov/Dec. 1952. 

The magneto-thermoelectric power of iron 
single crystal was measured in a_ temperature 
region between room temperature and 195°C 
and the anisotropic constants (Ej); 9) and (Em) 
respectively, were calculated, at various tempera- 
tures reported in an earlier work; both the con- 
stants were found to have maximum values near 


room temperature and decrease gradually with 
decreasing temperature, perhaps tending to zero 
at OK. 


695. GorpyAkova, G. N., Koxosnu, G. V. and 
SINANI, S. S. An investigation of thermoelectrical 
properties of Bi,Te,-Bi,Se, solid solutions. Z/urn. 
Tekh. Fiz. 28: 3-17, Jan. 1958. 

In Russian. 

Translation in Soviet Phys. Tech. Phys. 3: 1-14, 
Jan. 1958. Translation no. R-4017 available at 
Special Libraries Assn. Translation Centre, 
Crerar Library, Chicago, Ill. Also in Infosearch 
Tech. Lit. Info. Serv. Russian Lit. Survey SEM- 
5-58, p. 1-1-1-14, Bull. 34: B491, Jly. 15, 1958. 

The major part of this investigation constituted 
a study of the effect of additives on the solid soln. 
of Bi.Te, and Bi,Se,. The additives used were 
elements and compounds. 

It was established that acceptor effects were 
exhibited by elements of the 2nd, 3rd, 4th, Sth and 
8th groups of the periodic table, and donor effects 
were characteristic of halogens, Cu, Ag, Te, and Se. 
The p-type alloys possessed low values of activity 
and a@*o where a=thermo-emf in microv./degree 
and o=electrocond. in ohm-!. cm-!. Alloys of n- 
type, however, were obtained with sufficiently 
high values for practical use. Better thermoelec. 
properties were obtained with halide additives of 
the Ist group than with elemental Cu. In samples of 
optimum compn. the value of Z=a?o/x, where 
»%=thermo-cond. was as high as 2-5 x 10-8/degree. 
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696. GorDYAKOVA, G. N. and SINaNI, S. S. 
Thermoelectric properties of bismuth telluride with 
alloying additives. Soviet Phys. Tech. Phys. 3: 
908-911, 1958. 

Translation of Zhurn. Tekh. Fiz. 
1958. 


28: 977-980, 


697. GorDYAKOVA, G. N. and SINANI, S. S. 
Thermoelektricheski svyoistva tellurida vismuta s 
legiruyuschimi dobavkamii. (Thermoelectric pro- 
perties of bismuth telluride with alloying admixtures) 
Zhurn. Tekh, Fiz. 28: 977-980, May 1958. 

In Russian. 

Translation in Infosearch Tech. Lit. Info. Serv. 
Russian Lit. Survey SEM-5-58, p. 2:1-2°4. 

The temperature dependence of electrical 
conductivity and thermal emf of Bi,Te, doped with 
various amounts of I, Pb, Cu and CuBr was 
studied. p-type specimens with good thermo- 
electric properties and values of a@?o of up to 
32uV2/deg x ohm x cm were obtained by adding 
Pb. n-type specimens were obtained with I and 
CuBr. Values of a?o of 20 and more may be 
obtained at 300—350°C. 


698. GorTerR, C. J., VAN DEN BerG, G. J. and 
DE Nose, J. Remarks on the anomalous behaviour 
of alloys containing traces of manganese or similar 
elements. Can. J. Phys. 34 (Suppl. 12A): 1281-1284, 
Dec. 1956. 

While rapid decrease of electric resistance 
sometimes occurring at very low temperatures 


apparently must be attributed to some kind of 
antiferromagnetic alignment, the resistance mini- 
mum, as well as anomalies in thermoelectricity and 
the Hall effect, might be due to gaps at crystalline 
boundaries. 


699. GRANT, F. A. Properties of rutile (titanium 
dioxide). Revs. Mod. Phys. 31: 646-647, Jly. 1959. 

Literature on physical properties of rutile is 
examined critically. 

Thermopower is discussed, p. 653 and 659. 


700. GRATTIDGE, WALTER, and JOHN, HAROLD. 
The electronic properties of barium sulfide. J. App/. 
Phys. 23: 1145-1151, Oct. 1952. 

Includes chemical preparation, thermionic 
emission, electrical conductivity, thermoelectric 
power, and vapour pressure. 


701. Great Britain. Atomic Energy Research 
Establishment, Harwell. Preliminary measurements 
on the thermoelectric power of plutonium metals. 
by J. A. Leet and R. O. A. HALL. 9 p., Jan. 1959. 
(Rept. M/R 2800). 

The thermal emf of a_plutonium-platinum 
thermocouple has been measured between 20°C. 
and 630° C, and the absolute thermoelectric power 
of plutonium in its six allotropic modifications 
calculated over their stable temperature range. The 
implications of the results in relation to the form 
of the density of states/energy curve at the Fermi 
surface are discussed. 
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702. Great Britain. Atomic Energy Research 
Establishment, Harwell. The electrical gas _ re- 
sistivity and thermoelectric power of neptumium 
metal in the range 300-900 K, by J. A. Lee ef a’. 
12 p., 1959. (AERE-R-2893). 

The electrical resistance of a sample of neptu- 
nium metal has been measured between 300 and 
900°K. and the resistivity of neptunium in its 
three allotropic modifications calculated. A 
measurement of the thermal emf of a neptunium- 
platinum thermocouple has been made within the 
stable temperature range of each allotrope, and the 
corresponding absolute thermoelectric powers 
calculated. The results are discussed briefly. 


703. GREENWOOD, N. N. and ANperSON, J. S. 
Conductivity and thermoelectric effect in cuprous 
oxide. Nature 164: 346—347, Aug. 27, 1949. 

The thermoelectric power of cuprous oxide was 
found to be independent of temperature over the 
range in which the material displayed positive hole 
conduction. From conductivity measurements the 
activation energies at low and high temperatures 
were determined as about 0:26 eV and | eV 
respectively. At temperatures above 350°C the 
thermoelectric power decreases, probably due to 
the onset of intrinsic conduction, but does not 
change sign. Care was taken to use specimens in 
well-defined states of chemical equilibrium. It is 
concluded that the thermoelectric properties of 
impurity semiconductors whose composition is 
nearly stoichiometric are not adequately described 
by present theories. 


704. Greiner, E. S. and Evtis, W. C. Thermal 
and electrical properties of ductile titanium. Metals 
Tech. 15: Tech. Pub. 2466, p. 1-9, Sept. 1948. 

Thermoelectric properties are determined; and 
the thermoelectric force of specimens of titanium, 
from two lots, against platinum for temperatures 
between 200 and 1000°C are shown in figure 4. 


705. GuBANOV, A. I. Elektroprovodnost, teplo- 
provodnost termoeds, postoiannaia kholla I postoi- 
annaia nernsta dlia amorfnykh tel s_ electronnoi 
provodimost’iu. (Thermo emf, electroconductivity 
Hall constant, and Nernst constant for amorphous 
substances with electronic conductivity.) Zhurn. 
Tekh. Fiz. 27: 3-11, Jan. 1957. 

In Russian. 

Translation in Soviet Phys. Tech. Phys. 2: 1-8, 
Jan. 1957. 

A study of the effects of temperature on various 
kinetic coefficients of amorphous conductive sub- 
stances and a calculation of the specific dispersion 
of the electrons; connected with the absence of a 
remote arrangement. 


706. Guseva, L. N. and OvECHKIN, B. I. Ther- 
moelectric properties of chromium silicide. Akad 
Nauk. SSSR. Dok. 112: 73-75, 1957. 

Study of electrical and thermoelectrical pro- 
perties of chromium silicides reveals existence of 
two groups: Cr,Si, Cr;Si, and CrSi having con- 
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ductivities of metals and CrSi, which is a semi- 
conductor with an activation energy of 1-3. 


707. GusevaA, L. N. B. 


and OVECHKII, 


Thermoelectric properties of chromium silicides. 
tkad. Nauk. SSSR. Dok. 112: 681-683, 1957. 

In Russian. 

Measurement was carried out on the thermo- 
electric properties of Cr silicides. The electrical 
conductivity of alloys in the range 0-40°, Cr rises 
slightly with increasing Cr content, for the com- 


pound CrSi, it is ~ 150 ohm-' cm-!. On further 
increase in the Cr content of the alloys the con- 
ductivity rises sharply and at 65°, Cr reaches its 
maximum value. The thermoelectric powers in the 
alloys also change with composition. At low Cr, 
concentrations the thermoelectric powers fall to 
zero, then change in sign, and near the composition 
CrSi, reach the maximum positive value, then 
falling again. The compounds Cr,Si, Cr,Si, and 
CrSi have a conductivity of a metallic nature, the 
compound CrSi, is a semiconductor with an 
activation energy ~ 1:3 eV. X-ray and metalo- 
graphic investigations confirmed the existence of 
the compound Cr,Si,; Cr,Si and Cr,Si, mentioned 
earlier was not found. 


708. Haase, G. and SCHNEIDER, G. Studies 
on thermoelements from the rhenium-iridium 
system. Z. Physik 144: 256-262, 1956. 

Atomic Energy Commission Translation 3835. 


709. Hatt, W. J., Roper, H. M. and Powe t, 
R. L. Thermal and electrical conductivity of 
aluminium and aluminium alloys. /n International 
Conference on Low Temperature Physics and 
Chemistry. Proceedings, Sth, 1957, p. 389-391, 
figs., Madison, University of Wisconsin, 1958. 

Measurements of the thermal and 
conductivity and thermal emf of eight aluminiums 
in the temperature range 4 to 120°K. 


710. HANLEIN, W., GUNTHER, K. G. Thin films 
of bismuth telluride. Naturw. 46: 319, 1959. 

“Thin films of the semiconductor Bi,Te, were 
formed by simultaneous evaporation of Bi and Te 
from separate crucibles at different temp. T, and 
T.. By control of these temp. and that of the depo- 
sition site (T,), the required alloy compn. can be 
deposited. With Bi at 750°C. T, was established at 
450°C. Variations from this condition gave a 
two-phase deposit. The nature of the film was 
established by X-ray diffraction and elect. measure- 
ments. The n-type layer with charge carrier concn. 
of 2x 10'%/c.c. agrees in mobility (~ 200 cm?/V. 
sec) and in thermoelect. power (200u.V)°C, reference 
Cu) very closely with the same properties in bulk 
material.”’ Metall. Abs. 27: 430, Mar. 1960. 

711. Harapa, Z. and Harrya, Y. The thermo- 
electric potential of pyrite from the Tsuchiya 
Ishizaki mine, Hokkaido, Japan. Minerol.J. (Japan). 
1: 97-109, 1954. 

In English. 

A wide variation of the thermoelectric potentials, 
ranging from 19-82 mv to —12.32 mv., is observed 


electric 
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on pyrite from the Tsuchiya Ishizaki Mine. 
Specimens associated with Cu ores show negative 
potential. X-ray studies show that the potentials 
of nearly perfect crystals have positive low or 
negative values, while those of crystals with 
structural irregularities have positive high values. 
There is no decisive effect of chemical composition 
upon variation of thermoelectric properties. 
though the atomic ratio of S to Fe varies from 2-01 
to 1-95. It is concluded that structural irregularities 
may have more influence upon the thermoelectric 
properties of pyrite than any other factors. 


712. HARMAN, T. C, MILier, S. E. and GoERING, 
H. L. Preparation and electrical properties of 
Bi,Te,. Jn Trabajos Reunion Intern. Reactividao 
Solidos 3, Madrid, 1956, p. 377-384, 1957. 

Not examined. (In English). 

“Ingots made from stoichiometric amounts of 
Bi and Te are p-type. Bi, Te, has a small energy 
gap, a mobility similar to Pb compounds, and 
doubly doped surfaces have low thermoelectric 
power and low intrinsic resistivity.” Navy Material 
Lab. Lib. Info. Bull. Supp]. 9 “*Thermoelectricity.” 


713. HARMAN, T. C., MILver, S. E. and GOERING, 
H. L. Preparation and electrical properties of 
Bi, Te, Semiconductor Abs. 3: 713, 1955. 

Abstract only of paper given at meeting of the 
American Physical Society, Chicago, IIL. Nov. 
25-—26,1955. 

“Bi,.Te, was prepared by a number of tech- 
niques from zone-melted Bi, and Te which was 
purified by multiple distillation. For thermoelectric 
device applications, it was found that the best 
technique for preparing both n-type and p-type 
Bi.Te, is quenching the compound from above its 
melting point and annealing for long periods of 
time near its melting point. For the preparation of 
single crystals for fundamental studies, the best 
technique was found to be zone melting in a 
tellurium atmosphere. Bi,Te, dissociates to some 
extent at the melting point. The elements have 
segregation coefficients near unity. Iodine and 
excess Te are n-type impurities in Bi,Te, while Pb 
and excess Bi are p-type impurities. The resistivity 
and thermoelectric power were measured as 
functions of temperature from 200°K to 700°K 
for n-type and p-type specimens with varying 
impurity concentrations. A p-type specimen had a 
thermoelectric power of —180x10-*v/°C at 
300°K. The intrinsic resistivity slope indicates a 
small energy gap.” Entire item quoted. 


714. HARMAN, T. C., Paris B., S. E. 
and GoerRING, H. L. Preparation and some physical 
properties of Bi,Te,, Sb,Te,, and As.Te,. Phys. & 
Chem. Solids. 2: 181-190, figs., 1957. 

Gives the preparation of the intermetallic 
compounds Bi,Te,, Sb,Te; and As,Te, from puri- 
fied elements by several techniques and their ad- 
vantages and disadvantages. Electrical and thermal 
properties are presented as functions of tempera- 
ture and impurity concentration. The variation of 
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carrier mobility with temperature is approxi- 
mately T-*/? for As.Te,; and Bi.Te;. An anomalous 
variation of Hall coefficient with temperatures is 
observed. The thermal conductivities of the 
three compounds are similar. It is suggested that the 
compounds are necessarily heavily doped semi- 
conductors because Group-V atoms appear on 
tellurium lattice sites and tellurium atoms appear 
on Group-V atom lattice sites. 

715. HARMAN, T. C., LOGAN, M. J., PARis, B. 
and LouGuHer, E. H. Preparation and thermo- 
electric properties of Bi.Te, and all alloys with 
Bi,Se,. Programme of the Fall Meeting of the 
Electrochemical Society, Sept. 1958. 

Abstract only. 

“Details on the preparation of Bi,Te,; and alloys 
of the compound with Bi,Se, as carried out by a 
modified Bridgman technique were presented. 
Resistivity, thermoelectric power, and thermal 
conductivity were measured as a function of 
temperature for various specimens. The data 
show that the lattice thermal conductivity of 
Bi.Te,; is reduced substantially by introducing the 
electrically neutral impurity atoms by means of 
alloying. The other thermoelectric properties are 
changed only slightly. Effects of special preparation 
procedures and of specimen fabrication were also 
discussed.” 


716. HasHimoTo, K. and MHrrRAKAWA, K. 


Electrical properties of stannous telluride SnTe. 
Phys. Soc. Japan J. 11: 716-717, June 1956. 


The electrical resistivity, Hall coefficient and 
thermeelectric power d0/dT, of SnTe, have been 
measured between 100°K and 1000 K. Data are 
summarised by table and graph. The temperature 
coefficients of electrical resistivity and Hall co- 
efficient are positive for all samples over the whole 
temperature range. The change of sign of d0/dT 
is found at about 250°C. The theoretical impli- 
cations of the data are under consideration. 


717. HAsHimoTo, Kimio. Electrical properties of 
bismuth selenide, Bi,Se,. Il. Thermoelectric power 
and thermal conductivity. Kyushu Univ. Mem. Fac. 
Sci. Ser. B. 2: 187-193, 1958. 

The thermoelectric power and its relationship 
to the Hall effect and electrical conductivity were 
studied. The thermal conductivity of Bi,Se; was 
also investigated. 


718. HAUFFE, KARL and FLinpt, H. G. Ueber 
die elektrische leitfaehigkeit und thermokraft von 
nickelsulfid. (The electrical conductivity and thermo- 
electric force of nickel sulphide). Z. Phys. Chem. 
200: 199-209, illus., 1952. 

In German. 

The conductivity o of NiS and NiS+Ag.S 
was measured as a function of the sulfur vapour 
pressure P,> at 700°C and as a function of the 
temperature. In the NiS phase o is independent of 
P,2, and the temperature coefficient of o is negative 
down to liquid air temperatures. For pure Nis 
o =4800-! ohm cm-! at 700°C. Addition of Ag.S 
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decreases o slightly. At vapour pressures > 100 mm 
Hg o decreases continuously with time, probably 
Owing to transition to the NiS, phase. The thermo- 
electric power of Pt/NiS/Pt is about —0-0065 
mV/deg. at 700°C, independently of P.>, and that 
of Pt/NiS,/Pt is about 0-005 mv/deg. The 
results are regarded as suggesting that NiS is 
predominately an intrinsic semiconductor in which 
the free electrons are degenerate at high tempera- 
ture. 

719. HAyYASE, KiTARO, HARADA, TANEOMI and 
OTSUKA, RYOHE!I. The wettability of FeS, minerals 
Mining Inst. Japan. J. 72: 7-10, 1956. 

The wettability to water was measured of FeS, 
minerals (pyrite, marcasite, and melnikovite) 
from various localities by the Mitsui and Sasakis 
method. Wettability of pyrite widely differs from 
specimen to specimen. Melnikovite is not wet, 
probably owing to rapid surface oxidation. The 
contact angles were also measured but the values 
were poorly reproducible. The thermoelectro- 
motive force ranged from 1-53 to 32-36 mv. for 
pyrite (some were positive and others negative), 
whereas for marcasite this was always negative. 
There was a correlation between the wettability 
and the thermoelectromotive force. 


720. Heikes, R. R. and JoHNsTON, W. D. 
Mechanism of conduction in lithium substituted 
transition metal oxides. J. Chem. Phys. 26: 583-587, 
Mar. 1957. 

Work done on Li,Mn,_,O compounds demon- 
strates that the Verweg model is not accurate. 
Resistance lowers after antiferromagnetic Curie 
point. 

721. HeNKELS, H. W. and Maczuk, J. Electrical 
properties of liquid selenium. I. J. App/. Phys. 24: 
1056-1060, Aug. 1953. 

Thermoelectric power of liquid Se was measured 
from 250 to 500°C. Values of activation energies 
calculated from temperature dependences of 
thermoelectric powers and resistivities agree. 

722. HENKELS, H. W. and MAczuk, J. Electrical 
properties of selenium; III. microcrystalline 
selenium metal doped. J. Appl. Phys. 25: 1-11, Jan. 
1954. 

The thermoelectric powers and d.c. and 200 
resistivities of pure and metal-doped 
selenium have been studied as functions of tem- 
perature. The properties of materials in the two 
important micro-structures (colony and equi- 
axed) were distinguished. The influences of the 
metals Na, Cu, Ag, Mg, Zn, Cd, Hg, Ga, In, TI, 
Pb, Sb, Bi, Te. Fe, Ni, Co, and Ce were noted. 

723. HeNKeLts, H. W. Electrical properties of 
selenium: Part I—single crystals. J. App/. Phys. 22: 
916-925, Jly. 1951. 

The dark resistivity of crystals grown in a melt 
was studied as a function of axis orientation, 
temperature, field, and time of application of field. 
The large values found for thermoelectric power 
indicate hole conduction with a hole density of the 
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10'4/em%, the density decreasing with 
increase above room temperature. 
and activation energies were also 


order of 
temperature 
Mobilities 

determined. 

724. Henxecs, H. W. Thermoelectric power and 
mobility of carriers in selenium. P/ys. Rev. 77: 
734-736, illus., Mar. 1, 1950 

The thermoelectric power of single crystal and 
microcrystalline selenium has been investigated 
as a function of temperature with parameters of 
crystallisation temperature and oxygen content. 

725. HERRING, C., GEBALLE, T. H. and KUNZLER, 
J. E. Phonon-drag thermomagnetic effects in n-type 
germanium. I. General survey. Phys. Rev. 111: 
7, Jly. 1, 1958. 

In magnetic field and thermal gradient, a 
conductor develops a Nernst field and its thermo- 
magnetic field. 
These two effects were measured for single-crystal 
6-armed high-purity n-Ge samples up to 18,000 
from liquid-H intrinsic-conduction 
onset temperature with the most detailed measure- 
ments near liquid-air temperature. Both the Nernst 
the thermoelectric increment are 


36—5 


electric power depends on the 


Zausses 


coefficient and 


additive in electron-diffusion and in electron ani- 
sotropic scatter by phonons moving from hot to 
cold; at low temperatures the latter phonon-drag 
terms predominate and contribute to low-field 


Nernst coefficient to counterbalance the negative 
electron-diffusion contribution. Thermoelectric 
ncrease with field resembles magnetoresistance in 
anisotropy and field-dependence. A model is given 
to elucidate the relations discussed. 

726. HERSHTEIN, E. Z., SAviTSKAIA, T. and 
STIL’BANS, L. Issledovanie termoelektricheskikh 
svoisty telluristogo svintza. (Investigation of the 
thermoelectric properties of lead telluride). Z/urn. 
Tekh. Fiz. 27: 2472-2483, Nov. 1957. 

In Russian. 

Trans. in Soviet Phys. Tech. Phys. 2: 2302-2313, 
1957. 

Translation no. R-4017 also available at Special 
Libraries Association Translation Center, Crerar 
Library, Chicago, Il., and in Infosearch Tech. Lit. 
Info. Serv. Russian Lit. Survey SEM-4-57; 
§-1-5°15. 

The effect of degeneracy and mechanism of 
scattering of the current carriers on the kinetic 
coefficient, i.e. on the thermo-emf and electron 
mobility (u) in PbTe was investigated. 

727. Hipa, Thermoelectric properties 
of cadmium-antimony alloys. Kanazawa Daigaku 
Kogakubu Kiyo, 2: 6—16, 1957. 

In Japanese. English summary. 

“Thermoelectric power mn and the electrical 
conductivity o of Cd-Sb alloy are greatest when 
Sb content is 52°. The alloy of this composition 
consists of CdSb with possible inclusion of some 
Cd,Sb.. The v of this CdSb decreases with rise of 
temperature but is still 160 uV/degree at 200°. 
The addition of 8°% Bi and 9-2°% of Sn, or 8% of 
Bi, 4:2% of Sn, and 0-3T of Ag is effective to 
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increase the o as much as twice without decreasing 
a. When this Cd-Sb alloy with these additives is 
combined with n-type BiTe., a temperature 
lowering of about 15° is obtained at a c.d. of 
20 amp. by Peltier effect.”” Chem. Abs. 53: 13703, 
1959, 

728. HocuperG, B. M. and Sominskt, M.S. Elec- 
trical conductivity and thermoelectric characteristics 
of semiconductors. Physik. Z. Sowjetunion, 13: 
198-223, 1938. 

In German. 

The TE power of the network Cu-semiconductor 
Cu was investigated for WO;, V.O,;, CuO, Se, 
MoS., Bi.S;, TI,S, as well as for cobalt oxide. 
For most of these semiconductors, parallel 
measurements of the thermo-emf and the electrical 
conductivity in dependence of temperature were 
carried out. In the case of TI,S the thermo-emf 
changes its sign depending on the concentration of 
the mixtures and the temperature. The results 
obtained are discussed in relation to the views on 
the diffusion of electrons and on positive “holes.” 


729. Hockinas, F. F. The thermal conductivity 
of silver antimony telluride. Phys. & Chem. Solids. 
10: 341-342. Aug. 1959. 

Thermoelectric measurements showed it to be 
a p-type, non-degenerate semiconductor. 

730. HoGArRTH, C. A. Some conduction pro- 
perties of the oxides of cadmium and nickel. Phys. 
Soc. Proc. 64: 691-700, Aug. 1, 1951. 

Results of measurements of electrical con- 
ductivity and thermoelectric power of CdO and 
NiO at temperatures up to 500°C and at various 
pressures of the surrounding oxygen are shown 
graphically; they are in general agreement with 
theory. 

731. HoGartu, C. A. Some conduction properties 
of the oxides of zine and copper. Z. Physik. Chem. 
198: 30-40, Oct. 1951. 

In German. 

Electrical conductivity and thermoelectric power 
of ZnO and Cu,O were measured as functions of 
both temperature and oxygen pressure, and were 
found to be in general agreement with theories 
previously proposed. Measurements of the thermo- 
electric power of CuO indicate that this substance 
is an excess semiconductor, but its variation with 
oxygen pressure is in the opposite sense to that 
expected for such a material. Possible reasons for 
the discrepancies between theory and experiment 
are offered. 

732. HoGArtn, C. A. The variation with vapour 
pressure of the properties of certain electronic 
semi-conductors. Phil. Mag. 39: 260-267, Apr. 
1948. 

Formulas are given, and compared with ex- 
perimental results, for the variation with vapour 
pressure of the Hall effect and thermoelectric power 
of semiconductors having an ionic lattice structure. 

733. Hotmes, R. M. The thermoelectric pro- 
perties of sputtered films of gold, platinum, and 
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palladium: and of solid palladium containing 
occluded hydrogen. Phys. Rev. 22: 137-147, illus., 
Aug. 1923. 

Purpose of the investigation was to compare 
the thermoelectric power of a film couple with 
that of the solid metals from which the films were 
sputtered. The results obtained suggested the 
investigation also of the effect of occluded hydro- 
gen upon the thermoelectric properties of solid 
palladium. 

734. HOKHBERG, B. M. and Sominsku, M. S. 
An investigation of the electrical conductivity and 
the thermoelectric properties of semiconductors. 
Zhurn. Eksp. i Teor. Fiz. 7: 1099-1104, 1937. 

In Russian. 

German trans. in Physik. Z. Sowjet. 13: 198-223, 
1938. 

For abstract see Chem. Abs. 32: 6144, 1938. 


735. HORAK, JAROMIR; MACHOVEC Mosmir and 
KOSEK FRANTISEC. Zine telluride as a semi- 
conductor. Czechosloy. J. Phys. 7: 468-475, 1957. 

In Russian. 

The lattice constant for ZnTe, determined by the 
Debye-Scherrer method, was 6-085 A. The elec- 
trical conductivity of vacuum-deposited films on 
Cu substrates decreases with time and with rise in 
temperature. An activation energy of 0:25 e.v. 
was calculated for the range 0-140'C. When 
sintered compacts were heated between Cu elec- 
trodes, the warmer contact had negative polarity, 
and the average value of the thermo-emf at 20 
50°C was ~0°5 mV/°C. The specimens therefore 
showed p-type conductivity. 

736. HoRNBECK, J. W. Thermal and electrical 
conductivities of the alkali metals. Phys. Rev. 2: 
217-240, Sept. 1913. 

Considers thermoelectric 
perties. 

737. Horne, R. A. Effect of oxide impurities on 
the thermoelectric powers and electrical resistivities 
of bismuth, antimony, tellurium and bismuth- 
tellurium alloys. J. App/. Phys. 30: 393-397, figs., 
Mar. 1959. 

The thermoelectric powers of bismuth and 
antimony are only slightly altered by the presence 
of Bi,O, and Sb.O, respectively, and the electrical 
resistivities are increased. The thermoelectric 
power of tellurium, however, is extremely sensitive 
to TeO, impurities. Bismuth tellurium alloys show 
greatest sensitivity to oxide impurities when their 
composition is in the range corresponding to 
Bi,Te;. The thermoelectric powers of these 
materials depend in detail on the manner in which 
the thermal gradient is applied during measure- 
ment. 

738. HueT, PIERRE and COLOMBANI, ANTOINE. 
Temperature electric resistance curves for thin films 
of bismuth. Acad. Sci. Paris. Compt. Rend. 244: 
865-868, Feb. 11, 1957. 

In French. 

Study of variation of resistance showed both 


and magnetic pro- 


reversible and irreversible modifications as well as 
semiconductor and metallic states. Three ranges of 
thickness studied; temperature coefficient curves 
in relation to thickness were traced. 

739. HuGues, L. E. C. ed. Electronic engineer’s 
reference book. 1311 p., illus., London, Heywood & 
Co., 1958. 

Thermoelectricity, p. 411-413, includes table of 
thermoelectric power values of various metals. 

740. Hunter, M. A. and BAcon, J. W. Thermo- 
electric force of some alloys. Electrochem. Soc. 
Trans. 33: 183-196, 1918. 

Emf data are given for some binary and ternary 
alloys of iron, nickel and copper, with chromium 
and manganese. 

741. Hutcuins, C. C. Thermoelectric heights of 
antimony and bismuth alloys. Am. J. Sci. 148: 
226, 1894. 

Experiments are made to determine which 
combination of these alloys produce the highest 
emf. 

742. Hutson, A. R. Electronic properties of 
ZnO. Phys. & Chem. Solids. 8: 467-472, 1959. 

Proceedings of 1958 International Conference 
on Semiconductors. Hall effect measurements on 
doped, n-type single-crystals of ZnO have yielded: 
a density-of-states mass of 0-5m, a shallow donor 
ionisation energy of 0-05 e.v. and a temperature 
dependence of mobility. An effective mass of 0:-27m 
is derived from the donor binding energy. It 
is used in the computation of the optical-mode 
scattering, which, together with some acoustical- 
mode scattering fits the mobility data. Thermoelec- 
tric power measurements show the presence of a 
large phonon-drag (Q,) contribution. The Q, 
saturation effect yields an effective inertial mass 
of 0-07m, and it is shown that it is approximately 
isotropic. Magnetoresistance measurements show 
that there must be at least 12 valleys in the ZnO 
conduction band and that the valleys are not 
greatly anisotropic. The small inertial mass is 
compatible with the density-of-states mass and the 
12 valleys of small anisotropy; however, the donor 
binding energy and the optical-mode scattering 
both seem to require an effective mass larger by a 
factor of 4. A tentative model is suggested which 
might resolve this difficulty. 

743. Hutson, A. R. Semiconducting properties 
of some oxides and sulfides. Jn Semiconductors, 
N. B. HANNay, ed., p. 541-599, New York, 
Reinhold, 1959. (Am. Chem. Soc. Monograph 
Series 140). 

Electrical conductivity, Hall effect, thermo- 
electric power; materials considered include: 
barium oxide, magnesium oxide, cadmium sulfide, 
cadmium telluride, lead sulfide, lead selenide, 
lead telluride. 

744. IHARA, MASAyYosHI, ef al. The electro- 
motive force between refractory oxides and molten 
glass. Yogyo Kyokai Shi. 67: 21-27, 1959. 

In Japanese. 

“The emf of the following cell was determined 
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at 1000°; Pt | solid oxide molten glass | Pt. 
As the glass, Na silicate, K_ silicate, common 
window glass, Pb glass, and Borosilicate glass were 
used. As the solid oxide kaolin, SiO,, Al,Os, 
ZrO,, CaO, MgO, BaO and ZnO were used. When 
the emf is plotted against the ratio of the radius 
of the cation of the solid oxide to the charge of that 
cation a straight line is obtained except for the 
case of ZnO.” Chem. Abs. 53: 11957, 1959. 


745. INGLITsYN M. I. On the electric properties 
of polycrystalline selenium. Zhurn. Tekh. Fiz. 22: 
885-887 Apr. 1952. 

In Russian 

Letter. Chemically pure Se was crystallised under 
60 to 80 kg/cm? and constant temperatures 
ranging from 117° to 218°C. Specific electric 
conductivity differential thermoelectromotive force 
and Hall’s constant were investigated between 

180° and 200°C. It was found that the disso- 
ciation energy depends on the crystallisation 
temperatures. Within 180° and 200°C Hall's 
constant is practically independent of temperature 
but electric conductivity increases exponentially 
with temperature. Measurements of thermo- 


electromotive force confirms that the concentration 
of carriers of current (holes) is independent of 
temperature, which is not in accordance with the 


zone theory of semiconductors. It is, however, in 
agreement with results obtained on monocrystals 
of Se. 

746. IGNAT’EV, E. A. and Kor, M. V. Electrical 
conductivity and thermoelectromotive force of alloys 
of antimony and selenium. Uchenye, Zapiski 
Kishinev. Univ. 24: 19-24, 1956. 

In Russian 

“Alloys were investigated containing 37-6 
46-4°, Sb, prepared by melting Se (99-99°% pure) 
and Sb (99-999°.) pure in vacuo at 10-* mm Hg 
and annealing at 200° for 10 hours. Electrical 
conductivity and thermo-emf were measured of 
the samples in the range from room temperature 
to 200°. The compound Sb.Se, possesses a hole 
mechanism of electric conductivity at both an 
excess of Sb and an excess of Se. The differential 
thermo-emf of the compound at room temperature 
was about 1:2*10% uV/° and dropped sharply 
in the presence of Sb impurity.””’ Chem. Abs. 53: 
3892, Mar. 10, 1959. 

747. lorre, A. F. and Iorre, A. V. Correlation 
of thermal conductivity of semiconductors with 
electron mobility. Zhurn. Tekh. Fiz. 24: 1910-1911, 
Oct. 1954. 

In Russian. 

A table is given of corrected calculated values of 
thermal conductivities of C, Si, Ge, PbS, and Te, 
and of the mean free paths of phonons and 
electrons, together with experimental results. 


748. lorre, A. V. and Iorre, A. F. Certain 
regularities in the values of the thermal conductivities 
of semiconductors. Akad. Nauk. SSSR. Dok. 97: 
821-822, 1954. 


In Russian. 

Thermal conductivities (x) were determined for 
atomic and ionic crystal lattices and the relation 
of x to the atomic weight or the average atomic 
weight of the components was studied. Ionic 
crystals for which A,/Az is less than 1-5 (where A, 
and A, are atomic weights of components) have a 
greater themal conductivity than those for which 
A ,/A, is over 1-5. x decreases with an increase in 
atomic weight, and with an increase in the ration 
A,/A,. Semiconductors considered include the 
alkali halides, AgCl, AgBr, TIC], TIBr, diamond, 
Si, Ge, GaSb, and InSb. 


749. lorre, A. V. and Iorre, A. F. Influence of 
additions on thermal conductivity of semiconductors. 
Akad. Nauk. SSSR. Dok. 98: 757-759, 1954. 

In Russian. 

The magnitude of the nonelectronic part of the 
thermal conductivity of semiconductors is deter- 
mined by propagation of phonons and _ their 
scattering at the lattice points. For lattices con- 
taining foreign atoms (I), an equation is derived: 
k,/k =1-+-Nna,/N,a, where k, and k are the 
corresponding thermal conductivities of the pure 
and modified semiconductors, respectively; N, 
and N are number of atoms per cc; n is coefficient 
in the equation S=na®, where S is scattering cross- 
section and a is the lattice constant; A, is free path 
of phonons in the lattice of the pure semiconductor. 
The value of n<1 holds if (1) substitute for the 
regular atoms and n21 if (I) place interstitially. 
In some cases, n<0; this may be caused by (I) 
placed in the positions of lattice defects. In cases 
of ordering or coagulation of (I), corrections to the 
equation are required. Applicability of the equa- 
tion to the PbSe-PbTe system and to solid solu- 
tions of Sb and Si in Ge is demonstrated; in both 
cases, n is about 1. In AISb or GaSb, n was 3 for 
addition of Te and 15 for addition of Se; other 
foreign atoms resulted in n<.1. Thus, the equation 
should be considered on the basis of specific 
properties of the (I) introduced. 

750. lorre, A. V. and SINaANt, S. S. The heat 
conductivity of the oxides of the elements of the 
second group of the periodic system. Zhurn. Tekh. 
Fiz. 25: 1659-1661, 1955. 

In Russian. 

Thermal conductivity (x) measured from 
5 10° to 10 10% atmospheres. At such 
pressures, original crystals are compressed to 50 
to 81° of their original volume and, to get com- 
parative values, all the values measured were re- 
calculated for a compression to 80°% of original 
crystal mass. Values for BeO and MgO scatter 
heavily, as shown by the x.10* values obtained: 
BeO-33; MgO-13; CaO-28; ZnO-20-2; SrO-15°8; 
CdO-9-3; BaO-6-0; and HgO-3-7 and the per- 
cent deviations from these averages are: for BeO, 
30; MgO, 21; CaO,5; ZnO, 1; SrO, 3; CdO, 4:5: 
HgO, 5 (all plus or minus). For BaO, the measure- 
ments are to different to give a reliable value for the 
deviation. 
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751. lorre, A. V. and lorre, A. F. Thermal 
conductivity of semiconductors. Akad. Nauk. 
SSSR. Ser. Fiz. Izvest. 20: 65—75, 1956. 

In Russian. 

Trans. in Bull. Acad. Sci. USSR. Ser. Phys. 20, 
1956. 

Heat conduction in semiconductors is by 
phonon and electron conduction. For electric 
conductivity below 100 (ohm-cm)-!, heat con- 
ductivity by electrons can be neglected, but it is 
considerable for electric conductivity over 100 
(ohm-cm)-!. Results shown for thermal conduc- 
tivity in the region 1000-4500 (ohm-cm)-!. 
Interaction of phonons and electrons is discussed. 
The thermal conductivity of phonons decreases 
with atomic weight and also depends on the 
bands and lattice type. The presence of impurities 
and crystal defects also decreases the number of 
phonons, as shown on mixtures: Si + Sn, Si + Ge, 
and PbS PbTe. Substances best suited for 
thermocouples are those with the highest ratio of 
electron mobility to thermal conductivity. Different 
mechanisms leading to increased thermal con- 
ductivity in semiconductors at high temperatures, 
observed by different authors, are discussed. 


752. Irie, T., UNo, R., Yosuipa, S. and 
SHINOHARA, K. On the electrical properties of the 
polycrystalline boron. I, Tohoku. Univ. Res. Inst. 
Sci. Rept. 47: 223-227, Dec. 1953. 

The temperature dependency of the thermo- 


electric power has been investigated over the 


temperature range from 100° to 800°K on poly- 
crystalline boron samples. The thermoelectric 
power of the sample prepared in hydrogen atmos- 
phere increases proportionally with the logarithm 
of absolute temperature in the measured tempera- 
ture region, and that prepared in vacuum shows 
similar behaviour at least up to 600°C above room 
temperature. Such behaviour is expected when the 
sample is an impurity semiconductor having so 
small activation energy that all the impurity 
centres are ionised and yet intrinsic conduction 
does not appear. 


753. IsHiGURO, K., SASAKI, T., ARAI, T. and 
IMal, I. Optical and electrical properties of tin 
oxide films. Phys. Soc. Japan. J. 13: 296-304, 
Mar. 1958. 

The observed Hall effect and Seebeck effect 
show that the specimens used are n-type con- 
ductors whose carrier density is 104° to cm-%, 
The optical measurements made it clear that the 
fundamental energy gap was about 4 eV and the 
plasma frequency of the conducting carriers lie in 
the near infrared region. By comparing the ob- 
served optical transmission and reflection with the 
theoretical values, which can be calculated from 
the electrically measured constants, the effective 
mass of the carriers was determined to be about 
1/5 of the free electron mass. To satisfy the 
thermoelectric power relation with this small 
effective mass, it must be assumed that the 
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Coulomb scattering of impurity ions is the pre- 
dominant scattering mechanism in transparent 
conducting tin oxide films. 


754. IURKov, V. A. and ALEKSEEVA, N. E. 
Termoelektricheskie syoistva  splavoy Cd-Sb. 
(Thermoelectric properties of Cd-Sb alloys). 
Zhurn. Tekh, Fiz. 26: 911-912, 1956. 

In Russian. 

Translation in Soviet Phys. Tech. Phys. 1: 911- 
912, 1956. 

This article describes an experimental research 
on the thermoelectrical properties of Cd—Sb alloys 
with various Sb-content. The main purpose of the 
experiments was to obtain a general curve ex- 
pressing the relationship between the thermal 
electromotive force and the composition of the 
alloys. The specimens were prepared by melting 
Cd and Sb in vacuo. During measurement of the 
thermoelectric force, specimens were held between 
two copper blocks at constant temperatures of 10 
and 100°C. The results obtained with 18 specimens 
of varying Sb-content are illustrated by a curve in 
Figure | and are briefly discussed. It is stated that 
large magnitudes of the thermoelectric force in 
Cd-Sb alloys, and a sharp maximum in the 
thermoelectric force—composition diagram, per- 
mit the expectation that the energy spectrum of 
Cd-Sb alloys be of a structure which is usual for 
semiconductors. For a final conclusion, however, 
investigation is required of the temperature 
dependence of Cd-Sb electroconductivity. 


IvANov, G. A., and Moktevskn, L. I. 
Thermoelectric properties of bismuth. Leningrad 
Gos. Pedagog. Inst. Uchenye Zapiski. 17: 88-92, 
1957. 

In Russian. 

“Experiments are described and results are 
given of the accurate determination of the relation- 
ship of the coefficient of thermal-emf a of Bi to 
the difference of the temperatures at the ends of 
the specimen t and the relationship @ to the 
general temperature. 

The investigations were carried out on Bi of 
different purity; on commercial Bi (BiTi), on Bi 
with traces of Pb, Cu, Ag and Ga (BiC) and on Bi 
obtained from BiC by means of zone refining. The 
measurements were carried out on cylindrical 
monocrystals 2-20 cm long and 3-4 mm in dia- 
meter. The thermo-emf was measured relative to 
Cu. It was found that at At 0-25-8 a@ does not 
depend on At. To verify the relationship of a@ to 

t in the case of an already smaller At a special 
experiment was carried out in which 20 measuring 
probes were attached to a monocrystal 12 cm long. 
By slow heating of one of the ends (2° in the course 
of 10-12 hours) alinear distribution of temperature 
along the length of the specimen was attained. It 
was established that when At is from 0-0007 to 0-5 
a also remains constant. When the temperature 
increases from 20° to 230° a gradually decreases 
by 25°.” J. Abs. Metall. nos. 10, 11, 12, 1957. 
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756. IvANov, G. A. and Moktevski, L. I. 
Thermoelectric properties of bismuth. Zhurn. Tekh. 
Fiz. 26: 1343-1344, June 1956. 

Contrary to the results obtained by Sato, it was 
found that 
bismuth remains constant for temperature dif- 
ferences across the specimen greater than 0-01 C. 

757. JAFFRAY, J. and Cariat, J. Some physical 
properties of nickel amalgams. Acad. Sci. Paris. 
Compt. Rend. 231: 1128-1130, Nov. 20, 1950. 

In French. 

Measurements of thermoelectric 
properties and specific heat of dilute Ni amalgams 


resistance, 


have shown that in each case there is an abrupt 
irreversible change occurring near 220 C. These 
results are in agreement with those of Bates and 
others for and susceptibility. It is 
suggested that the phenomena may be associated 
with a change from hexagonal to cubic Ni since 
Michel has found that a_ non-ferromagnetic 
hexagonal form with C or N in the lattice changes 
irreversibly to a cubic ferromagnetic form at 
210° or 190 ¢ 

758. James. C. M. L. Thermoelectric power of 
some bismuth alloys. Am. Inst. Mining Met. & 
Petrol. Engrs. Trans. 212: 661-663, Oct. 1958. 

The thermoelectric power of polycrystalline 
bismuth at room temperature as a function of the 
temperature gradient, at higher temperatures up to 
207 C and of air cast samples of Bi-Tl, Bi-In, and 


resistance 


respectively. 


Bi-Mg alloys at room temperature are reported. 


759. JAN, J. P., PEARSON, W. B. and TEMPLETON, 
|. M. Thermoelectricity at low temperatures. V. 
The suitability of lead as a standard reference 
material. Can. J. Phys. 36: 627-631, May 1958. 

Concludes that lead seems to be a most suitable 
reference material against which measurements of 
the absolute thermoelectric power of metals and 
alloys can be made. 

Abstract also in Chem. Abs. 52: 13344, Aug. 25, 
1958, and Phys. Abs. 61A: 5013, Aug. 1958. 

760. JOHANSEN, H. A. and Miter, R. C. 
Seebeck coefficient of yttrium from 0 to 1000 C. 
J. Less-Common Metals. 1: 331-332, Aug. 1959. 

A specimen of yttrium-swaged rod 1/16 in. in 
diameter and 16 in. long was made available for 
examination by U.S. Bureau of Mines. The rod 
was swaged from material with an yttrium 
analysis of about 99-7°%. Principal impurities were 
oxygen, iron, chromium and copper. 

A schematic diagram of the apparatus is shown, 
and a table gives the Seebeck coefficient and 
thermal emf. 


761. JOHN, W. G. and Evans, E. J. The Hall 
effect and some other physical constants of alloys. 
The antimony-silver series of alloys. Phil. Mag. 
22: 417-425, 1936. 

The thermoelectric power of antimony-silver 
alloys varies with composition between -+-40 and 

-7 microvolts per degree centigrade. 

762. Joint Publications Research Service. New 


the coefficient of the thermo-emf of 


Abstracts 


York, N.Y. Some fundamental problems of 
development of thermo-electric power plants. 
USSR, by P. YA. Tyurin. 26 p., Feb. 14, 1960. 
(JPRS 2226). 

The dependence of an economically expedient 
level of initial steam parameters in thermoelectric 
power plants on the unit power of aggregates is 
examined, as well as the problem of the distribution 
of electric power stations in relation to fuel bases. 
he selection of a power reserve in power systems 
is substantiated. (Photocopies of this report may 
be purchased from L.C. Photoduplication service). 


763. Jones, H. The valency of the transition 
metals in some binary and ternary alloys. Phi/. Mag. 
44: 907-912, 1953. 

The change of valency of transition metals atoms 
in different alloy systems is considered. Reasons 
for expecting the valency to decrease as the electron 
concentration in the conduction band increases are 
given. Rough agreement with the experimental 
results of Haworth and Hume-Rothery is obtained 
in the case of Mn, Fe, and Co. Suggestions are 
made to account for the apparent fractional 
valency of Ni. 


764. Justi, E., NEUMANN, G. and SCHNEIDER, G. 
Thermoelektrische untersuchungen an Zn,Cd, 
(Thermoelectric investigations of Zn,Cd, ,Sb). 
Z. Physik. 156: 217-234, Sept. 23, 1959. 

In German. 

This is a discussion of thermoelectric properties 
of zinc antimonides and cadmium. For abstract 
see Chem. Abs. 54: 996g, Jan. 25, 1960. 


765. JuZA, RoBert and Bar, KARL. Conductors 
and semiconductors among the phosphides of the 
first and second subgroups. Z. Anorg. u. Allg. Chem. 
283: 230-245, 1956. 

In German. Not examined. 

“The specific resistance at 0° in Q cm., the 
temperature coefficient of the resistance in degree-', 
the differential thermal potential vs. Ag in mV 
degree, and A&€ in eV are respectively, for Cu,P 
1-4 10-4, 0-0022, 0-0072, and —; for two samples 
of Cu,P 57-5 and 378, — and -, 0-80 and 0-69, and 
0-40 and 0-31 above 219°K and 0°35 and 0-26 
below 219°K; for Ag.P 0-30—0-33, not linear, 
0-48, and -; for Au.P,1-24 10-3, 2-8 x 10-3, -, 
and —; for Zn,P., 1-0— 16x 10%, —, 1-0—-1:2, and 
0-49-0-61; and for Cd,P, 3:5 10-3, 3-9 x 10-3, 

0-15, and —. A plot of the differential potential vs 
logp, gives a straight line as expected for semi- 
conductors. Cu,P is almost a metallic conductor. 
Cu,.P a p-type semiconductor below 219K, and a 
self-conductor above 219'K., Ag.P a transistor, 
and Zn,P, a p-type semiconductor with properties 
strongly dependent on preparation condictions, 
surrounding atmosphere, and illumination. In the 
solid solutions formed between Zn;P, and 
Cd,P, the semiconductor properties of Zn,P, are 
retained at 50° Cd,P, but p, and /\€ are greatly 
decreased at 75° Cd,P.."’ Chem. Abs. 50: 11099, 
1956. 
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766. Konorov, P. P. Electrical properties of 
bismuth chalcogenides, Pt. 1, Electrical properties 
of bismuth sulfide, Bi,S,. Zhurn. Tekh. Fiz. 26: 
1126-1128, 1956. 

In Russian. 

Trans. in Soviet Phys. Tech. Phys. 1: 1100-1102, 
1957. 

Properties measured on polycrystalline material 
compressed at 2500 kg/cm? and 300°C. Conducti- 
vity measured in the range room temperature to 
600° K. The specific conductivity varied from 3-4 
10-* to 1x 10-* (ohm-cm.)-!. Activation energy 
was 0:17 eV below 400°K and 1 eV above 400°. 
Coefficient of thermo-emf was 1300 uV/C. 
at room temperature and corresponded to elec- 
tronic conduction. Excess Bi increases conductivity 
to 10 (ohm-cm.)-! and decreases thermo-emf to 
140 uV, C. The mobility is low, of the order, 
of a few sq.sm. per v.-sec., which is attributed to a 
predominance of ionic bands. Width of the for- 
bidden gap is I eV. 

767. Konorov, P. P. Electrical properties of 
bismuth chalcogens. II. Electrical properties of 
bismuth selenide Bi,Se,. Soviet Phys. Tech. Phys. 
1: 1365-1370, Jly. 1956. 

English translation of Russian article. 


768. Konorov, P. P. Electrical properties of 
bismuth. Pt. 2. Electrical properties of bismuth 
selenide. Pt. 3. Electrical properties of bismuth tellu- 
ride. Zhurn. Tekh. Fiz. 26: 1394-1405, 1956. 

In Russian. 

Electrical conductivity, Hall constant and co- 
efficient of thermoelectric emf of polycrystalline 
and single crystal samples of Bi,Se, investigated 
over the range 20-700 K. and occasionally at 
liquid air temperatures. Same measurements on 
BisTes. 

769. KONOZENKO, I. D. and UstLyAnovy, V. I. 
Electrical properties of the lead-antimony system. 
Zhurn. Tekh. Fiz. 27: 1686-1684, Aug. 1957. 

In Russian. 

Alloys containing 11, 12, 13, 14 and 37 wt. %, 
i.e. up to 50 atm °% Sb were investigated. Spectro- 
graphically pure Sb and Pb with < 0-001% Sn 
and Cu were used for the preparation of the ex- 
perimental samples melted in evacuated glass 
ampoules. The electrical conductivity of all the 
studied alloys and their thermo-emf against Cu 
were measured at 0-300 °C. The Hall effect and the 
sign and concentration of the current carriers were 
determined at room temperature only, with the 
exception of the 50 at. °, Sb alloy in which the 
temperature dependence of the Hall effect was 
studied at 0°-300°C. The experimental results are 
shown in the form of graphs and are correlated 
with the constitution of Pb-Sb alloys. 


770. Kopata, Z. Concerning the problem of the 
effective mass of electrons and holes in germanium. 
Zhurn. Tekh. Fiz. 26: 2451-2458, Nov. 1956. 

In Russian. 

The authors subject to theoretical investigation 
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the structure of the conductivity zone of ger- 
manium by considering the temperature depend- 
ence of the thermoelectromotive force and the 
concentration of current carriers in the region of 
admixture conductivity. (Rev. Met. Lit. 14: 74—P, 
1957). 


771. KOrENBLIT, L. L. and KOLesnikovy, A. P. 
Magnetic properties of Mg.Sn. Zhurn. Tekh. Fiz. 
26: 941-944, 1956. 

In Russian. 

Earlier experiments are repeated over a tem- 
perature range of 20-210 C with alloys of very high 
purity (not more than 0:0°% Pb or Sb) with approx- 
imately the same results as Boltaks. Also 
measured were the electrical conductivity and 
thermoelectric emf. The Hall effect for one 
“impure” specimen was measured at room 
temperature. It is concluded that the results 
indicate that the paramagnetism of “impure” 
specimens is associated with the paramagnetism of 
free electron gas in the Mg,Sn crystal. 

772. KosTeR, WERNER and ROCHOLL, PETER. 
Conductivity and Hall constants. I. Nickel- 
chromium alloys. Z. Metallk. 48: 485-495, 1957. 

In German. 

The electrical resistivity, Hall coefficient, thermo- 
emf, magnetic susceptibility, Vicker’s hardness and 
Young’s modulus of paramagnetic Ni—Cr alloys 
containing Cr 10-37 at. °% were measured as a 
function of thermal and mechanical history. The 
results are discussed in relation to the collective 
electron theory of metals and it is considered that 
the number and mobility of the charge carriers are 
determined by the atomic groupings. The K-state 
is related to a short-range order changing the mean 
distribution of electrons and holes in the upper 
energy-bands. 


773. Kot, M. Y. Electrical conductivity and 
thermal electromotive force of the intermetallic 
compound CdSb. Uchenve Zapiski Kishinev. Univ. 
24: 3-10, Jan. 1956. 

In Russian. 

Electrical conductivity (E) and the thermal-emf 
of the intermetallic compound CdSb of near- 
stoichiometric composition was investigated. The 
original components contained Pb<0-001°%. The 
measurements were carried out in the range 103-— 
473 °K. The compound CdSb is an extrinsic semi- 
conductor with hole conductivity. It is assumed 
that covalent bonds exist between the atoms of the 
compound. By assuming hole conduction, it is 
supposed that excess Cd or Sb in the compound 
leads to formation of solid solutions. On the basis 
of hole conduction a qualitative explanation of 
temperature dependence of E and of thermal emf 
is given. 

774. Kor, M. V. Electroconductivity and thermo- 
electric force of the intermetallic compound ZnSb. 
Uchenye Zapiski Kishinev. Univ. 24: 11-18, 1956. 

In Russian. 

The electroconductivity and the thermo-emf 


28? 


of Zn-Sb alloys containing 48-56 at. °%, Zn were 


measured in the range 250-625°K. The width of the 
forbidden zone of the compound ZnSb was 0°6e.v. 


775. Kor, M. V. Electroconductivity and thermo- 
emf of intermetallic compound SbZn. Ucheny 
Zapiski, Khurkovsky Univ. no. 24: 11-18, 1956. 

In Russian. 

Electroconductivity and thermo-emf of alloys 
of Zn and Sb containing 48 to 65 at. °, Zn were 
measured in the range of 250 to 625 K. The width 
of the forbidden zone of the compound ZnSb was 
0-6 


5. KoOvAL’CHIK, T. L. and MASLAKOVETS, 
Yu. P. The effect of impurities on the electrical 
properties of lead telluride. Zhurn. Tekh. Fiz. 26: 
2417-2431, 1956. 

Translation in Infosearch Tech. Lit. Info. Serv. 
Russian Lit. Survey SEM-2-57: 8-1-8-18, figs., 
1957. 

Reports the results of measurement of electrical 
conductivity, thermal emf and current carrier 
concentration on PbTe specimens containing 
various impurities. 


776. Kozyrev. P. T. Equilibrium and non- 
equilibrium properties of polycrystalline selenium. 
Zhurn. Tekh. Fiz. 27: 35-44, 1957. 

In Russian. 

English translation in Soviet Phys. Tech. Phys. 
2: 27-34, 1957. 

The temperature dependence of the equilibrium 
concentration of holes (nce ) in Sewas derived from 
measurements of thermal emf. Results agree with 
Henkels. For with low mobility of 
charge carriers, the equilibrium electrical conduc- 
tivity (Goo) increased with temperature (T) to a 
maximum at about 140°C, then fell. For specimens 
with high mobility, poo fell monotonically with 
increase of T in a manner similar tonoo . Resultsare 
discussed in relation to the suggestion that the 
grains in polycrystalline Se are separated by 
regions (possibly amorphous) of high resistivity. 

778. Krocer, F. A., Vink, H. J. and VoLGer, J. 
Temperature dependence of the Hall effect and the 
resistivity of CdS single crystals. Philips Res. Rpts. 
10: 39-76, 1955. 

D.C. dark conductivity and Hall effect of CdS 
crystals were measured from 25 to 700 K. The TE 
power of pure crystals and crystals doped with Ga 
and Cl was determined, while the insulating 
crystals CdS—Cl, Ag and CdS—Cl, Cu were examined 
for photoconductivity and low frequency capaci- 
tance. 

Room temperature values of the TE power and 
the variation of Hall constant with temperature 
can be explained by an effective mass ratio m/m, 
of 0-2 to 0:3 (m, is the mass of a free electron in 
vacuo). 


specimens 


779. KropscHot, R. H. and Bratt, F. J. 
Thermoelectric power of cold-rolled pure copper. 
Phys. Rev. 116: 617-620, figs., Nov. 1, 1959. 


Abstracts 


The difference between the thermoelectric power 
of severely cold-rolled and well annealed pure 
copper has been measured between about 8°K and 
320 K. The absolute thermoelectric power of the 
annealed and cold-worked samples were deter- 
mined over the same temperature range by 
measuring the thermoelectric power of a thermo- 
couple formed from annealed pure copper and 
pure lead. The thermoelectric power of cold-rolled 
copper is positive relative to annealed pure copper 
over the entire temperature range, and the effect 
of cold work is largest at very low temperatures 
where the thermoelectric power of annealed copper 
displays a pronounced minimum. Our results are 
in fair agreement with recent work by Powell and 
by van Ooijen. 

780. KropscHot, R. H. thermoelectric 
power of copper alloys. Dissertation Abs. 20: 1410, 
1959. Michigan State University PhD thesis, 1959. 

The following alloys—CuZn, CuGe, CuCd, 
Culn, CuSn, CuSb—were prepared by melting 
the components in vacuum. All alloys contained 
approximately 99° copper. The thermoelectric 
powers of these copper alloys relative to pure 
copper have been measured over the temperature 
range 4:2°K to 340 K. 

781. Kurov, G. A., Semitetov, S. A. and 
PinskerR, Z. G. Electrical properties and real 
structure of germanium single crystal films prepared 
by evaporation in vacuo. Kristallografiva. 2: 59-63, 
1957. 

Translation in Infosearch Tech. Lit. Info. Serv. 
Russian Lit. Survey SEM-3-37: 13-1-13-9, illus., 
1957. 

Simultaneously with structural investigations, 
measurements were also made of the electrical 
properties of the films, namely resistivity, Hall 
emf and thermoelectric power. 

782. LAGRENAUDI£, J. Optical and electrical 
study of bismuth telluride, Bi,Te,. J. Phys. et 
Radium 18: 39A-40A, 1957. 

In French. 

Bi.Te, purified by zone melting exhibited mostly 
p-type conduction; crystals near the edge of the 
ingot were type n if excess Te was used. The 
thermoelectric effect was: for type p, +230 microv. 
degree, for type n, 210 microv./degrees. 
Addition of I (1/300 of Te) produced homogeneous 
type-n(—150 wuV/degree). Type p Bi,Te; was 
converted to type n by compression; thin plates 
half compressed exhibited an n-p junction. From 
the infrared absorption threshold, the energy of 
activation was 0°19 e.v. The n was 8. The 
similarity of Bi,Te,; to PbTe was noted. 


783. LAGRENAUDIE, J. Study of the electrical 
properties of mercury telluride. J. Chim. Phys. 55: 
175-176, 1958. 

In French. 

HgTe was obtained by heating the two ele- 
ments in a sealed quartz tube at 650°C. The 
compound exhibits a negative thermo-emf (e) 
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of 130uV/°C. By replacing a part of the Hg, with 
Ag, giving Te-Hg!4-Ag@, with a@=2°%, a com- 
pound exhibiting a positive e of 145uV/C is 
obtained. By slowly freezing the mixture Te-Hg!-¢ 
Ag@ in a horizontal tube, a nonhomogeneous ingot 
is obtained which is of p-type in the zones which 
solidify first (e=120—145uV/°C) and of n-type in 
the zones which solidify last (e=—130uV/C). 
Transparency studies on thin films, in the infra- 
red region, show that the activation energy is 
~ 0-15 eV. Electrical measurements at ~ 20°C, 
both on n- and p-types, show an electron mobility 
of 6000-25,000 cm-*/Vsec. The Kikoin photo- 
magnetic effect was observed on 0-1-mm. samples 
of both types and the recombination velocity 
calculated as >100usec. for p-type samples and 
even higher for n-type samples. 


784. Lapp, G. B. and Makxsimova, V. L. 
Thermoeletric properties of some metals and alloys 
of the platinum group. Zhurn. Neorg. Khim. 2: 
2589-2597, 1957. 

In Russian. 

The stability of the thermal emf (E) of Ir wire 
and Rh and Rh-Pt electrodes was studies. The 
maximum change in E of Ir heated in vacuo was 
during the first hour (—16-0 at 1800 and —26-0 
m.v. at 2000°); it stabilized after 13 hours. The 
loss in weight was considerably lower when heated 
in A. Rh and Rh-Pt containing more than 10°, 
Rh when heated with an electric current in vacuo 
exhibited “extinction,” a drop of 150—200° with a 
rising current. Rh and alloys containing 30°, Rh 
were more stable than alloys containing 6 and 40° 
Rh when heated at 1700-1800° in A. Powdered 
Al,O;, MgO and ThO, and protective BeO tubes 
did not affect E of 6, 13 and 30°, Rh alloys at 
1500 . 


785. LARK-Horovitz, K., MIDDLETON, A. E., 
Mitter, E. P. and others. Electrical properties of 
germanium alloys. [1. Thermoelectric power. P/ys. 
Rev. 69: 259, 1945. 

Abstract only, reports results of study of thermo- 
electric power, Q of germanium alloyed with 
Various metallic impurities as a function of 
temperature from —180°C to 650°C. 


786. Lavine, J. M. Ordinary hall effect in 
Fe,0, and (NiO),.;, (FeO),..; (Fe,O,) at room 
temperature. Phys. Rev. 114: 482-488, Apr. 15, 
1959. 

Room temperature Hall measurements on a 
synthetic single crystal of (NiO),.;; (FeO),..; 
(Fe,O,) are reported. The thermoelectric power of 
the sample of Fe,O, was also measured and veri- 
fied that the sign of the charge carrier was nega- 
tive. The ordinary Hall measurement of Fe,O, 
suggests that the number of conduction electrons 
at room temperature is of the order of 3 x 102}, 
cm, in rough agreement with Verwey’s model. 


787. Ler, J. A. and Harr, R. O. A. Some 


measurements on the thermoelectric power of 


283 
plutonium metal. /. Less-Common Metals 1: 
356-361, figs., Oct. 1959. 

The thermal emf of a_ plutonium-platinum 
thermocouple has been measured between 20°C 
and 630°C, and the absolute thermoelectric power 
of plutonium in its six allotropic modifications 
calculated over their stable temperature range. 
The implications of the results in relation to the 
form of the density of states/energy curve at the 
Fermi surface are discussed. 

788. Lee, J. A., Evans, J. P., HALL, R. O. A. 
and KING, E. Some physical properties of the 
neptunium metal: III. The electrical resistivity and 
thermoelectric power of neptunium metal in the 
range 300-900°K. Phys. & Chem. Solids 11: 278 
283, figs., Oct. 1959. 

The electrical resistance of a sample of neptun- 
ium metal has been measured between 300° and 
900 K, and the resistivity of neptunium in its 
three allotropic modifications calculated. A mea- 
surement of the thermal emf of a neptunium 
platinum thermocouple has been made within the 
temperature-stable range of each allotrope, and the 
corresponding absolute thermoelectric powers 
calculated. The results are discussed briefly. 


789. LerreR, H. N., ELtett, M. R., Curr, K. F. 
and KroGstap, R. S. Galvonomagnetic and thermo- 
magnetic effects in PbTe. Am. Phys. Soc. Bull. 
4: 362, Aug. 27, 1959. 

Abstract only. 

In an attempt to understand the scattering 
mechanisms in PbTe and similar semiconductors, 
magnetoresistance, thermomagnetic _ resistivity, 
Hall and thermoelectric measurements have been 
carried out in the temperature range of 300°K to 
liquid helium. 


790. Lerpoutre, G. and Dewa p, J. F. Thermo- 
electric properties of metal-ammonia solutions. II. 
The thermoelectric power of sodium and potassium 
solutions at —78° and the effect of added salt on the 
thermoelectric power of sodium at —33°. III. 
Theory and interpretation of results. Am. Chem. 
Soc. J. 78: 2953-2962, Jly. 5, 1956. 

Measurements of the thermoelectric power of 
sodium and potassium solutions in liquid am- 
monia at —78° and of mixed sodium-sodium 
chloride solutions at —33° are reported. The 
results in dilute solutions show an anomalously 
large dependence of thermoelectric power on 
temperature and on concentration of salt, as well 
as a small but significant dependence on the nature 
of the metal ion. 


791. Lepoutre, G. and Dewa.p, J. F. The 
Thermoelectric properties of metal-ammonia solu- 
tions. III. Theory and interpretation of results. 
Am. Chem. Soc. J. 78: 2956-2962, Jly. 5, 1956. 

Thermodynamic equations are derived for the 
thermoelectric power of metal-ammonia solutions 
which include the effects of electron-electron and 
electron-ion interactions. The previously reported 
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anomalies in thermoelectric behaviour of metal 
and metal-salt solutions are shown not to arise 
from these interactions, but rather from a large 
negative heat-of-transport of the electrons in 
these solutions (Q,* 0-7eV). This large 
negative heat-of-transport is accounted for on the 
assumption that electrons move through the 
solutions, even at high dilution, by a quantum 
tunnel process, rather than by the previously 
considered ionic, or conduction-band processes. 


792. Lewis, E. J. Some thermal and electrical 
properties of beryllium. Phys. Rev. 34: 1575-1587, 
Dec. 15, 1929. 

The thermoelectric power of beryllium against 
lead seems to vary linearly with temperature. 
However, at 50 C the graph of the thermo- 
electric power plotted against temperature shows a 
break. This, considered in connection with the 


results obtained for the temperature coefficient of 
resistance, suggests the probability of a change in 


allotropic form. 


793. Levers, H. J. The technical evaluations of 
thermoelectric effects (particularly in zinc-antimony 
alloys). Dissertation, E.T.H. Zurich, No. 2557, 
101 p., 1956. 

In German. 

“The efficiency of the thermoelectric element, 
when used as an electrical generator, a refrigerator, 
or a heat pump, is treated mathematically. The 
results of some experimental studies of Zn—Sb 
alloys are given.” Sci. Abs. 60A: 7933, 1957. 

794. Li, J. C. M. Thermoelectric power of 
[bismuth and] some bismuth alloys. AJME. Met. 
Soc. Trans. 212: 661-664, 1958. 

The thermo-emf of polycrystalline 99-999°, Bi 
at temperatures up to 207°C can be described by 
the equation dE/T =72—0-042tu.V/°C, with t in °C. 
Addition of Ti to Bi produce three maxima in the 
dE/dT plot at ~ —5. 0 and —2uV/ C, at compo- 
sition consistent with the composition of the 
Bi,Tl,;, a@, and B phases in the system. In the 
Bi-In system the dE/dT plot has a maximum 
(—5uV/°C) at the composition corresponding to 
Biln, and a small minimum at the B-— phase 
composition. In the Bi-Mg system dE/dT rises to 
~ +45uV/°C at the composition corresponding 
to Mg,Bi., and decreasing to ~ —25uV/°C at 
30 wt. °4 Mg, rising again to ~ —S5uV/°C at 
60 wt. °% Mg and then finally rising more slowly 
to the value for pure Mg. 


Tellurium-bismuth- 
U.S. Patent 


795. LINDENBLAD, N. E. 
antimony thermoelectric elements. 
2,762,857, Sept. 11, 1956. 

Alloys suitable for a thermoelectric application 
containing Te 55—65, Bi 17-32, and Sb 8-23 mole 
°<, at least one of Ag, Au, and Hg 0-0156 weight 
®<, and at least one of S and Se 0-1-7 weight °%, 
both weight °(s are based on the total weight of Te, 
Bi, and Sb. Such alloys are of the p-type thermo- 
electric class. In an electric circuit with an alloy 
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such as PbTe under an applied potential they 
produce heating at the negative and cooling at the 
positive connection. A typical alloy consists of 
Te 60, Bi 20 and Sb 20 mole-°, and Ag 0-28 and 
Se 0-56 weight-°,. Its thermal emf is 140 micro- 
volts per degree and its resistivity is 0-0005 
ohm-cm. The added impurities Ag, Au, and Hg 
decrease the resistivity without adversely affecting 
the thermal emf, while S and Se increase the 
thermal emf without adversely affecting the re- 
sistivity. 

796. LINDENBLAD, N. E. Thermoelectric amal- 
gams of antimonides of cadmium and zinc. U.S. 
Patent 2,758,146 (to RCA), Aug. 7, 1956. 

Amalgamation of CdSb and ZnSb increases 
their effective thermoelectric power. Optimum 
results are achieved when Hg is added to CdSb 
which already departs slightly from _ perfect 
stoichiometry, while ZnSb gives the best results 
when Hg is added to the pure compound. Hg not 
only decreases the resistivity of the materials but 
also increases their thermoelectric force. Prepara- 
tion of the alloys is also facilitated and their 
physical strength improved. Preferred materials 
consist of CdSb or ZnSb alloyed with 2°, Sb and 
2°5° Hg. This alloy is (sic) thermoelectric junction 
with Pb has an effective thermoelectric power of 
about 130 microV., as compared with a thermo- 
electric power of about 110 microv. obtainable 
with an alloy of CdSb and 2°, Sb without Hg. 
The Hg-containing alloy exhibits a substantially 
lower electric resistance than the Hg-free alloy. 


797. LinpeR, E. G. Thermoelectromotive force 
in single zinc crystal wires. Phys. Rev. 26: 486-490, 
1925. 

Zinc crystals made by the Czochralski method 
yielded 650 microvolts with respect to copper when 
a temperature gradient of 290°C was maintained. 


798. Lipatova, V. A., GeL’p, P. V. and 
Davypov, K. N. Thermoelectric properties of 
alloys of silicon with iron, chromium and manganese. 
In Fiz. Khim. Osnovy Proiz-va Stali, p. 387-398, 
Moscow, Akad. Nauk. SSSR., 1957. 

In Russian. Not examined. 

‘*“A study was made of the relationship between 
composition and thermoelectric emf, E, in Fe-Si, 
Cr-Si and Mn-Si alloys. Measurements were made 
on a Korzh apparatus (Zavod. Lab. 14: 107, 1948). 
For Fe alloys with 4—6 % Si, E is negative and small 
(up to 1°58 mV at 100°C). With increasing Si 
content E decreases, reaching zero at 17°, Si. 
From 17 to 59°, Si, S is positive, small in value 
and slightly dependent on alloy composition. 
Change in Si content from 57 to 59°% causes E 
to change from 0°67 mV at 100°C to zero. On 
further increasing the Si content, E becomes 
negative and its magnitude increases. For cast Si 
(99 -2°%) E is 51-60 mV at 100°C. In Si-Cr alloys, 
E for pure Cr is + 0°6 mV at 100°C. With in- 
creasing Si content, E falls, changes sign, and at 
10° Si reaches (-0-9-1-0) mV at 100°C; beyond 
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this E falls, maintaining a negative value. On the 
E curve for Mn-Si alloy, singular points are ob- 
served which correspond to stoichiometric compo- 
sitions and the stability ranges of chemical 
compositions. A correlation is revealed between 
the E-curves and melting point curves for the 
systems. It is suggested that alloys with negative 
E have a major proportion (by volume) of crystal- 
lite with electron conductivity. E was studied for 
the various modifications of © -phase Fe-—Si. Its low 
temperature modification has a positive E of 
0:3-0-6 mV at 100 °C, depending slightly on the 
Si content. The €3 modification, in equilibrium at 
650—908°C is easily quenched at room temperature 
is characterised by high E value, highly dependent 
in magnitude and sign, on the Si content. The E 
of € (920°C) depends in magnitude and sign on 
the alloy composition.” J. Abs. Metall. no. 2: 
22, 1958. 


799. LipATovA, V. A., GEL’D, P. V. and 
Davypbov, K. N. Thermoelectric properties of iron- 
silicon, chromium-silicon, and manganese-silicon 
alloys. Ural. Politekh. Inst. im S.M.. Kirova, 
Sbornik Trudy. 72: 105-120, 1957. 

In Russian. Not examined. 


“The thermal emf of the above alloys with 


different concentrations of Si (from 0 to 100°) 
was measured in relation to Cu. For Fe-Si alloys 
with 4-6% of Si, it is equal to 1-58 mvV/100°. 
Upon the increase of Si concentration, its value 


decreases and it reaches 0 for an alloy containing 
approximately 17° Si. All samples containing 
from 17 to 59% of Si have positive thermal emf 
(the lowest value being 0:2 vm./100°). A further 
increase in the concentration of Si for an alloy that 
contains 57° Si affects sharply the thermal emf 
and it changes from 0:67 mV/100° to 0 on the 
increase of Si concentration from 57 to 59%. 
No similar results were obtained in the measure- 
ments of the thermal emf for samples containing 
> 60° Si. The thermal emf of a cast Si sample 
(99-2°) is negative, and its value is 51-60 mV 
100°. Between the thermal emf and melting point 
of Fe—Si (with different Si content) there exists a 
certain correlation, e.g. starting with 8-10 at. °% Si, 
for every increase of melting point of the alloy 
there is a corresponding decrease of thermal emf 
and vice versa. The thermal emf of pure Cr is 0°6 
mV/100° and it changes to negative on addition 
of 10 wt. °% of Si to it, its numerical value being 
0-9-1-0 mV/100°. On further addition of Si, 
the sign changes to positive and it is equal to 
16 mv./100° when the concentration of Si reaches 
52%. The thermal emf decreases rapidly on 
addition of Si over 52°%. The curve of the thermal 
emf of Mn-Si alloys has characteristic points that 
correspond to Mn,Si, Mn,Sis, and it is more steady 
for compounds Mn.Si, and MnSi,. The highest 
positive value of the thermal emf (11 mV/100°) 
occurs for the Mn-—Si alloy containing 45°% Si. 
A further addition of Si rapidly decreases the 
thermal emf, changing it from positive to negative. 


In contrast to Fe—Si alloys, the Mn-—Si and Cr-Si 
alloys do not have a simple correlation between 
the thermal emf and the melting point.” Chem. 
Abs. 53: 13954, 1959. 

800. LipAtovaA, V. A., GEL’p, P. V. and 
Davypov, K. N. Thermoelectric properties of 
silicon alloyed with iron, chromium and manganese. 
Inst. Met. im A. A. Baikova, Trudy 3-ei Konf. 1955, 
p. 387-398 (Pub. 1957). 

In Russian. 

For English summary see Chem. 
7263, Apr. 25, 1960. 


801. LorBNer, E. E. Thermoelectric power of 
carbons. Phys. Rev. 91: 243, Jly. 1, 1953. 

A single batch of carbon rods was used. They 
were heat-treated to progressively higher tempera- 
tures and investigated after each heat-treatment. 
Curves for the thermoelectric power exhibit a 
shallow minimum (around 1300°C) and a maxi- 
mum. Resistivity curves show the well-known 
plateau. 


802. LorBNeR, E. E. Thermoelectric power, 
electrical resistance, and crystalline structure. 
of carbons. Phys. Rev. 102: 46-57, Apr. 1, 1956. 

TE power and electrical resistivity of soft and 
hard carbons investigated as functions of heat 
treatment, temperature (1000° to 3100°C.) at 
3 ambient temperatures, 90°, 305°, and 573°K. 
Report on measurements on soft and hard carbons, 
the influence of heat-treated temperature was 
investigated. 

803. LoeBNeR, E. E. Thermoelectric power of 
carbons and graphite. Phys. Rey. 84: 153, Oct. 1, 
1951. 

Letter. The thermoelectric power of baked 
carbon rods was found to vary greatly ‘with the 
temperature to which they had been baked. 
The theory is discussed. 

804. E. E. Thermoelectric power, 
electrical resistance and crystalline structure of 
carbons. Phys. Rev. 102: 46-57, Apr. 1, 1956. 

Ph.D. thesis. University of Buffalo, 1955. 

The thermoelectric power and _ the 
resistance of soft and hard carbons were investi- 
gated as functions of heat-treatment temperatures. 
The crystalline structure was studied by means of 
X-ray powder diffraction technique. 

805. Low, G. G. E. Some experiments on 
semiconducting powders. Res. 7: S22, Apr. 1954. 

The thermoelectric powers of n-type Ge and 
PbS and of p-type Ge, Si and PbS were measured 
for various grain sizes and the results are shown 
graphically. With decreasing grain size, both 
magnitude and sign of the thermoelectric power 
changed for n-type materials, but only the magni- 
tude changed for p-type materials. Ge and Si 
showing a decrease and PbS an increase. 

806. Loyola University, New Orleans, La. 
Electrical properties of single crystals of PbTe and 
PbSe. Final Report, by P. B. PicKar. 38 p., illus., 
1957. (Contract Nonr-147301) (AD-218 452). 


Abs. 54: 


electric 


286 


A study was made of the electrical properties of 
single crystals of PbTe and PbSe grown by the 
Bridgeman-Stockbarger method. Hall voltages 
and resistivity were measured as a function of 
magnetic field and temperature from 353°K to 
77 K. Hall coefficients were calculated from Hall 
curves which were corrected for IR drop, as well 
as the Nernst and Ettingshausen effects. Most of 
the PbTe crystals grown were of the n-type. 
(TAB p. 6612. Dec. 15, 1959). 

807. Loyola University, New Orleans, La. 
Final report on contract. Nonr 1573(01). Period 
14 October 1956—15 July 1957, by P. B. PICKAR. 
40 p., 1957. (PB 140 117). 

A study was made of the electrical properties 
of single crystals of PbTe and PbSe grown by the 
Bridgman-Stockbarger method. Hall voltages and 
resistivity were measured as a function of magnetic 
field and temperature from 353°K to 77°K. Hall 
coefficients were calculated from Hall curves which 
had been corrected for IR drop, as well as the 
Nernst and Ettingshausen effects. Most of the 
PbTe crystals grown were of the n-type. 

808. MAcDona.p, D. K. C. and PEARSON, W. B. 
Electron transport in copper and dilute alloys at low 
temperatures. I. Acta Mer. 3: 392-408, figs., 
Jly. 1955. 

rhe electric resistance of copper is noteworthy 
in showing a minimum at very low temperatures 
(>10°K). This phenomenon has been traced to the 


presence of very small quantities of certain specific 
metallic solutes, and a corresponding remarkable 


variation of thermoelectric power has _ been 
observed in these dilute alloys. Detailed experi- 
mental studies of a wide range of alloys are 
presented in this and a companion paper, and the 
problems involved in preparing such very dilute 
alloys and interpreting the findings are discussed. 

809. MacDona.p, D. K. C., PEARSON, W. B. 
and TEMPLETON, I. M. Measurements of thermo- 
electricity below 1K. I. Phil. Mag. 3: 657-660, 
June, 1958. 

A few preliminary experiments in this tempera- 
ture region on the noble metals, gold and silver 
are reported. 

810. MACDoNALD, D. K. C., PEARSON, W. B. 
and TemMpLetTon, I. M. Measurements of thermo- 
electricity below 1 K. Phil. Mag. 4: 380-383, figs., 
Mar. 1959. 

Two earlier letters to the editor summarised 
some results of note obtained on the Group 1B and 
alkali metals in the temperature range below 1°K. 
Part III deals with some further results of interest 
on the heavier alkali metals and on various 
transition metals. 

811. MACDONALD, D. K. C. and PEARSON, W. B. 
Thermoelectricity at low temperatures. II. The 
alkali metal group. Roy. Soc. London. Proc. 221A: 
534-540, 1954. 

Thermoelectric behaviour of alkali metals 
(Na, K, Li, Rb, Cs) and some alloys at temperatures 
below 80°K. 
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812. MACDoNALD, D. K. C., PEARSON, W. B. 
and TEMPLETON, I. M. Measurements of thermoelec- 
tricity below 1°K. Il. Phil. Mag. 3: 917-919, Aug. 
1958. 

Results of an initial survey of alkali metals. 

813. MacDonaLp, D. K. C. Thermoelectric 
power in metals at low temperatures and anomalous 
impurity scattering. Physica. 19: 841-845, graphs, 
Sept. 1953. 

Marked deviations from theoretical predictions 
were found by experiments with thermoelectric 
power of alkali metals from 90°K to liquid He 
temperatures. 

814. MacDona_p, D. K. C. and PEARSON, W. B. 
Thermoelectricity in metals at low temperatures. 
{cta Met. 1: 242-243, Mar. 1953. 

Discusses experimental study of thermo- 
electricity on the alkali metals, Cu, Ag, and Au 
over a wide temperature range. 

815. MAcDonaLp, D. K. C. and Roy, S. K. 
Thermoelectric power of monovalent metals at high 
temperature. Phil. Mag. 44: 1364-1370, 1953. 

The band theory of metals is applied to analyse 
the TE power of “‘simple”’ metals at high tempera- 
tures. The conventional analysis is first carried 
through for entirely free electrons and then 
extended to include variation in the number of free 
electrons per atom, departure from a quadratic 
dependence on energy on wave number, and non- 
spherical Fermi surface. 

816. MACDONALD, D. K. C. and PEARSON, W. B. 
Thermoelectricity at low temperatures. I. The 
‘ideal’? metals: sodium, potassium, copper. Roy. 
Soc. London Proc. 219A: 373-387, diags., 1953. 

Following a short discussion of the present 
situation in the electron theory of metals with 
particular reference to thermoelectricity, experi- 
mental data on thermoelectricity at low tempera- 
tures is presented and discussed. The three ele- 
ments—sodium, potassium and copper—have been 
chosen first as being frequently considered to be 
“quasi-ideal” metals. The influence of impurities 
has also been studied particularly in potassium- 
rubidium and dilute copper-tin alloys. It appears 
that the theory at present leaves much to be desired, 
but in any case considerable information on the 
fundamentals of electron scattering in metals can 
be obtained from these experimental studies. 

817. MACDONALD, D. K. C. and PEARSON, W. B. 
Thermoelectricity at low temperatures. II. The 
alkali metal group. Roy. Soc. London Proc. 221A: 
534-540, figs., 1954. 

In continuation of earlier work the thermo- 
electric behaviour of all the alkali metals, together 
with some alloys, has been studied, in the low 
temperature region below ~ 80°K. At best, only 
sodium conforms approximately with the pre- 
dictions of conventional electron-transport theory ; 
lithium and caesium in particular show positive 
thermoelectric powers over a whole range 
measured, and rubidium is also positive at the 
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lowest temperatures. A sharp inflexion is found 
in the thermo-emf of lithium at ~30°K. An 
empirical rule, useful in the discussion of dilute 
alloys, is proposed. 

818. MAcCDoNnaALD, D. K. C. and PEARSON, W. B. 
Thermoelectricity at low temperatures. IV. Varia- 
tion of thermoelectric power in a magnetic field. 
Roy. Soc. London Proc. 241A: 257-269, Aug. 7, 
1957. 

Experiments were made on the variation of 
thermoelectric power of pure sodium and copper 
and alloys of copper at low temperatures in a 
magnetic field. The variation in the pure metals is 
very small and in the case of sodium is qualitatively 
and quantitatively at variance with theory. The 
experiments on the alloys are well interpreted in 
terms of magnetoresistive behaviour and show that 
the anomalous scattering in copper iron and 
copper ++ tin alloys is not affected significantly by 
a magnetic field. 

819. MacDona_p, D. K. C., PEARSON, W. B. 
and TEMPLETON, I. M. Thermoelectricity at low 
temperatures. VII. Thermoelectricity of the alkali 
metals between 2°’ and 20K. Roy. Soc. London. 
Proc. 248A: 107-118, figs., Oct. 28, 1958. 

In earlier work, the absolute thermoelectric 
force E of the alkalis was measured from about 
60°K down to about 4K. The absolute thermo- 
electric power (S=de/dT) could then be derived 
with fair accuracy down to perhaps 8°K. The 


thermoelectric power of all the alkali metals has 


now been measured directly between 2° and 20°K, 
and the Thomson heats derived therefrom. The 
results are compared with the theory both of the 
“normal” thermoelectric power and the Gurevich 
or “phonon-drag” effect. It is clear from the work 
that experiments below | °K in this field will be of 
much interest and a programme has been started 
in this temperature range. 

820. MANSFIELD, R. The electrical conductivity 
and thermoelectric power of magnesium oxide. 
Phys. Soc. Proc. 66: 612-614, Jly, 1, 1953. 

Report of measurements on sintered specimens 
of MgO which indicate that it is a defect semi- 
conductor. 

821. MANSFIELD, R. and WILLIAMS, W. The 
electrical properties of bismuth telluride. P/iys. Soc. 
Proc. 72: 733-741, Nov. 1, 1958. 

Measurements of the electrical conductivity. 
Hall coefficient, thermoelectric power and Nernst 
coefficient on specimens cut from zone-melted 
Bi,Te, and on a single crystal are described. 

822. MANSFIELD, R. and SALAM, S. A. Electrical 
properties of molybdenite. Phys. Soc. Proc. 66B: 
377-385, May 1953. 

The following electrical properties of natural 
crystals of MoS, were measured: conductivity, 
Hall coefficient and thermoelectric power over the 
temperature range —183° to 50°C. and the room- 
temperature change of conductivity in a magnetic 
field. It was found that the majority of the speci- 


mens were p-type semiconductors. The variation 
of the mobility of the charge carriers with tem- 
perature has been derived and indicates that the 
scattering of the charge carriers is mainly due to 
thermal vibrations of the lattice except at low 
temperatures when impurity scattering becomes 
important. Reasonable agreement is obtained 
between the values of the mobility calculated from 
the change in conductivity in a magnetic field, 
and from Hall coefficient and conductivity power 
measurements. The results of the thermoelectric 
power measurements and the variation of the 
concentration of charge carriers derived from the 
Hall coefficient are discussed and compared with 
theory. 

823. MANSFIELD, R. The electrical properties of 
bismuth oxide. Phys. Soc. Proc. 62B: 476-483, 
Aug. 1949. 

The conductivity and thermoelectric power of 
Bi,O, is measured over a temperature range of 
680° to 150°C, and for variations of O pressures 
from 76 to 10-4 cm Hg. The thermoelectric power 
results can be summarised by the equation dE/dT 
2a b/T, where a and b are constants, the 
positive sign of dE/dT indicating that Bi,O, is a 
defect semiconductor. The results are discussed 
and good agreement is obtained between theory 
and experiment if it is assumed that normal 
Wagner and Schottky lattice defects become of 
importance at low temperatures when the con- 
centration of free electrons is small. 

824. Massachusetts Institute of Technology. 
Lincoln Laboratory, Cambridge, Mass. Solid 
state research—Quarterly progress report. 118 p., 
Oct. 15, 1959. (AFCRC-Tech Note 50-1018) 
(Contract AF19(604)—5200). 

The thermoelectric power and electrical con- 
ductivity of praseodymium oxide, p. 23-25; 
Thermoelectric power of CdSb-ZnSb alloys 
(chart), p. 29. 

825. Massachusetts Institute of Technology. 
Lincoln Laboratory, Cambridge. Mass. Solid 
state research—Quarterly progress report. 89 p., 
Jan. 15, 1960. (AFCRC Tech. Note 60-1000) 
(Contract AF19(604)—5200). 

Thermoelectric power of praseodymium oxide, 
p. 17. 


826. Massachusettes Institute of Technology. 
Research Laboratory of Electronics, Cambridge, 
Mass., and Laboratoire Central des Industries 
Electriques. Investigation of physical properties of 
materials important in thermoelectric energy 
conversion. Technical Final Report, Sept. 15, 
1958 thru Sept. 15, 1959. 18 p., Sept. 1959. 
(Contract Nonr 1841(51).) 

Principal goal of this investigation was a critical 
study of the various physical parameters involved 
in thermoelectric energy conversion. 

827. Massachusetts Institute of Technology, 
Cambridge, Mass. The formation of composite 
scales consisting of oxides of diffierent metals, by 
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CaRL WAGNER. 23 p., Aug. 31, 1955. (Rpt. 2) 
(Contract DA-19-020-OR D-224). 

This is the second report for the Project titled 
Investigation to Measure the Thermoelectric 
Power of Certain Liquid Alloys. 

The paper presents a theoretical analysis of 
diffusion processes during the oxidation of an 
alloy when oxides of different alloying elements are 
formed concurrently. For idealised conditions it is 
possible to calculate the decrease in the oxidation 
rate which results from alloying a base metal 
high oxidation rate such as 
noble metals such as 
beryllium whose 


having a relatively 
copper or iron with less 
aluminium, chromium, or 
oxides form relatively slowly. 


Massachusetts Institute of Technology, 
Cambridge, Mass. Investigation to measure the 
thermoelectric power of certain liquid alloys. 
Final Report, September |, 1952 to December, 31 
1955, by CARL WAGNER. 4 p., 1955. (Contract 
DA-19-020-OR D-224). 

Reviews work accomplished 
reports prepared 

Investigations were continued under Contract 
DA-19-020-OR D-3661) 


828. 


technical 


Massachusetts Institute of Technology, 
Cambridge, Mass. The oxidation of alloys in- 
volving Noble metals, by CARL WAGNER. 36 p.., 
figs., Aug. 31, 1955. (Tech. Rpt. 1) (Contract 
DA-19-020-OR D-224). 

This is the first report of the 
Investigation to Measure the 
Power of Certain Liquid Alloys. 

Diffusion processes during the oxidation of 
alloys involving noble metals are analysed theo- 
retically. An oxide film of uniform thickness is 
stable only if diffusion in the alloy is relatively 
rapid as compared with diffusion in the oxide of 
the less noble metal. Otherwise there is the ten- 
dency to form a rugged alloy—oxide interface. The 
oxidation rate is calculated for the limiting case of 
a scale consisting of protruding sections of the 
oxide of the less noble metal interspersed with 
slender trunks of alloy rich in the more noble 
metal. Under these conditions, the oxidation rate 
of alloys containing up to 50 percent of noble metal 
is supposed to be of the same order of magnitude 
as the oxidation rate of the less noble metal in its 


829. 


project titled 
Thermoelectric 


pure state. 


830. Massachusetts Institute of Technology, 
Cambridge, Mass. Thermoelectric power of liquid 
cadmium-antimony and zinc-antimony alloys, by 
CARL WAGNER. 15 p., illus., Aug. 1955. (Tech. 
Rept. 3) (Contract DA-19-020-ORD-224). 

Measurements of the thermoelectric power of 
cadmium-antimony and zinc-antimony 
tungsten as reference metal have been 
conducted. Results rule out the possibility of 
semiconduction in these liquid alloys. Since 
CdSb and ZnSb are semiconductors, the structure 


liquid 
versus 


of the solid compounds must differ substantially 
from the structure of the liquid phase. 

831. Massachusetts Institute of Technology. 
Cambridge, Mass. Quarterly progress report No. 
52. 186 p., Jan. 15, 1959. (Contract DA-36-039- 
sc-64637). 

Thermoelectric processes and materials, p. 24 
25. (Contract Nonr-1!841(51) ). 

832. McTAGGART. The sulphides, selenides, and 
tellurides of titanium, zirconium, hafnium and 
thorium. III. Electrical properties. Australian J. 
Chem. 11: 471-480, Nov. 1958. 

A study was made of the electrical characteristics 
of the primary compounds occurring in the binary 
systems of titanium, zirconium, hafnium and 
thorium with sulfur, selenium and _ tellurium. 
Properties investigated were resistivity, type of 
conduction (metallic n or p semiconduction), 
thermoelectric power and rectifying properties. 
A wide range of electrical characteristics was 
observed, reflecting the trend from semimetallic 
in the case of titanium to metallic in the case of 
thorium. The transition from non-metallic to 
metallic affinities that occurs from sulfur to tellu- 
rium is also evident. Data are presented tabularly. 


833. MEeSNARD, G. and UZAN, R. Conductivity 
and other electrical properties of thoria in vacuo. 
Vide (Le) 6: 1052-1062, Jly/Sept., and 1091-1097, 
Nov. 1951. 

In French. 

Details are given of experimental tubes used for 
the measurement of the resistance, thermoelectric 
emf and thermal conductivity of thoria. The purest 
available material was used; this was initially in 
the form of an amorphous powder, which crystal- 
lised on heat treatment. Results are presented and 
discussed in relation to possible mechanisms in- 
volved. 


834. Messungen ueber den thermoelektrischen 
homogeneffekt 3 grades (1. benedicks-effekt). 
(Measurements of the thermoelectric effect [of 
homogeneous conductors] of the 3rd power [of the 
temperature]. (1. Benedicks’ effect).) Ann. Physik. 
16: 210-226, Sept. 20, 1955. 

In German. 

Discusses measurements of platinum, gold and 
silver. 

835. MippLeton, A. E. and SCANLON, W. W. 
Measurement of the thermoelectric power of 
germanium at temperatures above 78 K. Phys. Rev. 
92: 219-226, Oct. 15, 1953. 

An experimental investigation on pure and im- 
pure Ge over the temperature range 78-925°K. 
At low temperatures, where conduction is due to 
impurity-introduced carriers, the sign of the 
thermoelectric power is the same as that of the 
Hall coefficient, the magnitudes of the thermo- 
electric power, resistivity and Hall coefficient 
increase with a decrease in the impurity content. 
With rising temperatures the magnitude of the 
thermoelectric power increases and passes through 
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a maximum, the value for p-type material subse- 
quently passing through zero. The results are 
presented graphically. 

836. MIKRIUKOV, V. E. and TIAPUNINA, N. A. 
Investigation of the temperature dependence of 
the thermal conductivity, electrical conductivity and 
heat capacity of Bi, Pb and the Bi-Pb alloy systems. 
Fiz. Met. i Metalloved. 3: 31-41, 1956. 

In Russian. 

The measurement of thermal conductivity (HT) 
and electrical conductivity (ET) was carried out 
using Kohlraush’s method. ET of pure Bi lies 
closer to that of semiconductors than to that of 
metals; in the temperature interval of —68 to 

242 C, the temperature coefficient of ET is 
negative. The value of HT for Bi with a coarse- 
grained structure is greater than for a fine-grained 
strucutre, and in monocrystals it depends on the 
crystallographic direction considered. 

837. MikriuKov, V. E., TIAPUNINA, N. A. 
and CHERCHAKOV, V. P. Thermal conductivity and 
electrical conductivity of bismuth-cadmium alloys. 
Moskoyv. Univ. Vest. no. 1: 127-136, 1956. 

In Russian. 

“Two systems weres tudied: Bi—Cd (1) and (Bi 
2% Pb)—Cd (II).” 


838. MINDEN, H. T. Effects of oxygen on lead 
sulfide films. J. Chem. Phys. 23: 1948-1955, 1955. 
When outgassed, vacuum-evaporated PbS films 
are n-type semiconductors. If they are exposed to 
O at room temperatures, below about 200°, the 


conductivity decreases with increasing pressure 
and then increases again. The thermoelectric power 
changes from negative to positive, but less than 
10-* mole of O/mole of PbS is sorbed by the film. 
Above 200 the conductivity merely decreases when 
O is admitted, and the thermoelectric power 
becomes small. The film gradually absorbs all the 
O in the vacuum system and evolves a good deal 
of SO,. When the reaction is complete, the con- 
ductivity returns to its initial value, and the 
thermoelectric power again becomes negative. 

839. MINDEN, H. T. Intermetallic semiconduc- 
tors. Semiconductor Products. 2: 30-42, illus., 
Feb. 1959. 

Includes a 
properties and 
bismuth telluride. 

Article also appears in Sy/vania Tech. Jan. 1958, 

840. MiRGALOSVKAYA, M. S. and SKUDNOVA> 
E. V. Investigations of alloys of the system AISb 
Al,-Te,. Zhurn. Neorg. Khim. 4: 1113-1120, May, 
1959. 

In Russian. 

“X-ray and microscopical analysis and measure- 
ment of the temperature-dependence of electrical 
conductivity (0-1100°C) showed that the AISb- 
Al,-Te,; quasi-binary system is of eutectic type. 
The solid solubility of Al.Te,; in AlSb at ~ 800°C 
is ~ 45°. The structure of the solid solution is of 
ZnS-type, with a falling from 6:13 (AISb) to 


10 


discussion of the preparation, 
thermoelectric applications of 
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~ 5:99 A at Al,Te,;48%. The reverse potential 
increased from 3-5 V for AlSb to 18 V for Al.Tes 
12-68°,. The thermoemf/composition curve is 
given. Addition of a small quantity of AIl,Te, 
changes the conductivity from p- to n-type, but 
with M~ 20°%% it reverts to p-type again. (Light 
Mert. Bull. 22: 160, Feb. 17, 1960). 

841. Missouri University. Department of Phy- 
sics, Columbia, Mo. Thermoelectric properties of 
porous semiconductors, by E. B. HENsLey. 24 p., 
Dec. 1, 1958. (Tech. Rept. 24) (Contract Nonr- 
2296(01)) (AD 215 081). 

Properties of a class of porous semiconductors 
known as pore conductors are re-evaluated with 
regard to the possible application of these ma- 
terials for thermoelectric power conversion. The 
theory of pore conductors is briefly reviewed. 
Calculations on the influence of space charge in 
these materials are extended. Estimates of the 
efficiencies of devices for thermoelectric power 
conversion utilising pore conducting materials are 
made. In general, the results appear very pessi- 
mistic as far as any prospect of high conversion 
efficiencies are concerned. 

842. Miyata, N. and FUNATOGAWA, Z. Preli- 
minary report on the magneto-thermoelectric power 
of nickel. Yokohama Natl. Univ. Sci. Rpt. 1. 
13-18, Mar. 1954. 

Not examined. 

“This was measured by the same method as that 
used for iron. The results show positive signs and 
that (1) the magneto-thermoelectric power has a 
maximum at about —90°C and then decreases with 
decreasing temperatures and may tend to zero at 
and (2) the magneto-thermoeleciric powers 
between 90° and about 300° decrease with 
increasing temperatures but (3) in the neighbour- 
hood of the Curie point they are negative signs 
and are produced by additive magnetisations which 
are proportional to the external magnetic fields, 
expected from the Weiss theory.” Sci. Abs. 58A: 
6298, 1955. 

843. Miyata, NAHONOoRI and FUNATOGAWA, 
ENYA. Magneto-thermoelectric powers of nickel 
single crystals. Phys. Soc. Japan. J. 9: 967-973, 
1954. 

Mathematical analysis of magneto-thermo- 
electric power of a single domain was developed 
for the case of many-domain nickel. 


844. MiyaTANi, S. Electrical properties of 
Ag.Se. Phys. Soc. Japan J. 13: 317, Mar. 1958. 

Thermoelectric power can be measured as 
function of emf. 


845. MiyaTANi, S. Electrical properties of 
Ag.Te. Phys. Soc. Japan J. 13: 341-350, Apr. 1958. 

The electronic conductivity, Ge, Hall constant, R, 
and thermoelectric power, 8, in @ Ag.Te are 
measured as the Ag | Te ratio is varied by the use 
of the galvanic cell Ag | Agl | Ag.Te | Pt, where 
the emf of the cell E represents the position of ti: 
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Ag.Te. 


across the 


Fermi level relative to Ag-saturated 
According as Ag is removed 
starting from the Ag-saturated composition, Ge 
decreases at first, and then increases. 0 changes its 
sign at them inimum of 6,, although R is always 
n-type, due to the large mobility ration (~ 100). 
The energy gap is, therefore as anarrow as several 
kT. When Ag is removed further, Oe decreases 
again, keeping | This is a mixed state 


cell, 


constant. 


of Ag.Te and a new phase mentioned below. After 


a minimum of o, is attained, o. and E increase 
again, suggesting a new phase, AG ~ 1-93 Te. 
The energy gap of this phase is larger than that in 
the Ag.Te and the electron and hole 
mobilities are far smaller than those in Ag,Te. 
When Ag is removed still further, o, and E become 
independent of the composition, indicating the 
precipitation of Te or Te-rich compound. These 
experimental data are compared with the Lorenz- 
Sommerfield theory, proving good accordance. 


phase 


lonic conductivity is estimated. 

846. MiyaTA, SHIN-YA and YokKoTA, ISAAKI 
Galvano- and thermomagnetic effects in o-Ag.Te. 
Phys. Soc. Japan J. 14: 750-754, June 1959. 

Nernst coefficient, magnetoresistance, and mag- 
netothermoelectric power along with conductivity, 
Hall coefficient and thermoelectric power of 
a-Ag.Te are measured as functions of the emf, 
E of the galvanic cell Ag/Agl/ Ag,Te/Pt. 

847. Miyazawa, Hisao and SuGAIKE, SUEZO 
Phase transition in In,Se,. Phys. Soc. Japan J. 12: 
312, 1957. 

A phase transition occurs in single crystals at 
approximately 200 At this temperature, the 
volume of the unit cell abruptly decreased, the 
electric resistance decreased by 2 orders of magni- 
tude, the Hall coefficient increased by a factor of 6, 
and the thermoelectric power increased by a factor 
of approximately 3. On cooling these properties 
did not return until the sample was cooled below 
100 

848. Mokirevsky, L. I. and IvANov, G. A. 
Electrical properties of bismuth alloys. — IIL. 
Iternary alloys: ‘Restoration’? [in the alloys] of the 
properties of [unatloyed] bismuth. Zhurn. Tekh. Fiz. 
27: 1695-1706, 1957. 

In Russian. 

In the four systems examined: Bi-Te-Sn. Bi-Te- 
P, Pb, Bi-Sn-Se, and Bi-Pb-Se, only the Bi-rich 


alloys were studied, the maximum total amount of 


the alloying addition being resp., 2, 5, 0-2 and 0-2- 
at-°,. Thermo-emf of the alloys against Cu 
(t 20°C, t 50-60 C), Hall and 


resistivity measured and the 


effect, 
electrical were 
variation of the two latter properties in a changing 
magnetic field (3500-22,000 Oe.) was examined. 
The concentration and mobility of hole and elec- 
trons were calculated. The results (given in the 
form of graphs) confirmed the postulate that it 
should be possible to adjust the relative contents 
of the elements of Groups VI and VII in the in- 
vestigated alloys in such a way as to “restore” to 


them the properties of unalloyed Bi. This is true 
for low concentrations under some conditions. 

849. Moncn, G. C. Thermo und voltaspannung 
des kupferoxydul. (Thermoelectric and constant 
potentials of cuprous oxide). Nafurw. 12: 367, 1933. 

In German. 

A thermocouple has one element of Cu,O and 
generates 0-4 to 0-5 volt at a temperature of 
100 degrees centigrade. 

850. Moncu, G. C. 
lurium-metal couples. 
1953. 

Thermoelements were constructed by conden- 
sation of two metals in a high vacuum on thin 
celluloid film. Te (also Sb) was paired with Ag, Cu, 
Bi, and Sb. Effects were observed due to the 
diffusion of Ag into Te. 


Thermoelectricity of tel- 
inn. Physik. 12: 161-174, 


851. Mooser, E., PEARSON, W. B. and TEMPLE- 
TON, |. M. Thermoelectric measurements at low 
temperatures. Programme of the Fall Meeting of 
the Electrochemical Society, Sept. 1958. 

Abstract only. 

“Thermoelectric measurements on compounds 
such as Bi.Se,, which are believed to contain 
intrinsic holes in the valence band and which 
should therefore have a relatively low resistivity 
even at very low temperatures, were reported and 
their possible use in thermoelectric cooling at 
temperatures lower than those normally considered 
were discussed.” Semiconductor Electron. 2: 
2800, Nov. 1958. 

852. Mooser, E. and Woops, S. B. Thermo- 
electric power of germanium at low temperatures. 
Phys. Rev. 97: 1721-1722, Mar. 15, 1955. 

Measurements of two samples at low tempera- 
tures provided evidence for an additional term Qp 
in the thermoelectric power, arising from a 
“phonon-drag” effect, predicted by Gurevich. 


DANFORTH, W. E. 
{ppl. 


853. MorGAN, F. H. and 
Thermocouples of the refractory metals. /. 
Phys. 21: 112-113, Feb. 1950. 

The thermoelectric power of several refractory 
thermocouples was investigated, W-Ta for tem- 
perature measurements up to C, up 
to 2600 C, Ta—~Mo up to 2600 C, and W-W/Mo 
alloy (50°, W/50°, Mo) up to 2900 C. Basic 
calibration was carried out using several melting 
points and the results were verified and interpolated 
by means of an optical pyrometer. The couples 
W-—Ta and W—Mo have been applied in this labora- 
tory to the temperature measurement requirements 
in high temperature vacuum furnaces and deter- 
minations of spectral emisivity. 


and KoaGa, Y. Electrical 
Japan J. 12: 100, 


853. MoriGucul, Y. 
properties of GeTe. Phys. Soc. 
Jan. 1957. 

Curves of thermoelectric power Q, resistivity p 
and Hall coefficient R are given for polycrystalline 
and zone-melted single-crystal specimens over the 
range 100-700 K. The signs of Q and R are 
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positive and the temperature coefficient of p is 
positive throughout the temperature range. The 
carrier density is 102°-102! cm-* for both types of 
specimen. 
Morin, F. J. Electrical properties of « 
and aFe.O, containing titanium. Phys. Rey. 
83: 1005-1010, Sept. 1, 1951. 
conductivity, Hall effect and Seebeck 
vave been measured on two sets of poly- 


854. 


crystalline samples containing from 0-05 to 1-0 
atomic Ti (n-type impurity). 

856. Morin, F. J. Electrical 
a-Fe,O Phys. Rev. 93: 1195 
1954, 

The conductivity, Seebeck effect and optical 
transmission of a-Fe,O, have been analysed using 
two alternative The first model assumes 


1199, Mar. 15, 


models. 
conduction to occur in the d levels of Fe ions and 
quantitative fit to the data. Mobility 
behaviour determined with this model is explained 
in terms of wavy bands. The second model assumes 
conduction in the sp bands of oxygen in addition 
to d-level conduction. It is shown qualitatively to 
be a reasonable model. 


yields a 


and GeBALLE, T. H. Elec- 
and Seebeck’ effect in 
Rev. 99: 467-468, Jly, 15, 


857. Morin, F. J. 
trical conductivity 
Phys. 
1955. 

These have been measured as functions of 
temperature on single crystal samples. A thermal 


hysteresis has been observed in the conductivity 
but not in the Seebeck effect. This suggests that the 


hysteresis involves the charge carrier transfer 
process but not the production of carriers. The 
activation energy with the transfer 
process is estimated to be 0:10 eV in the high- 
temperature state and 0-06 eV in the low- 
temperature state. 


associated 


858. MuttarKkey, E. J. Lead and its alloys 
[as chemical engineering materials of construction]. 
Indus. Eng. Chem. 51 (Pt. ID: 1185-1189, Sept. 
1959. 

General developments, low temperature 
perties, thermoelectric applications, physical metal- 
lurgy, mechanical properties, nuclear uses, corro- 
sion resistance, chemistry, etc. 

859. Muser, H. A. and SCHILLING, H. Thermo- 
electric measurements on copper oxide at high 
temperatures. Z. Naturforsch. Ta: 211-212, Feb. 
1952. 


pro- 


In German. 

A note on experiments made to determine what 
types of semiconductor mechanism are possible in 
copper oxide at high temperatures. 

860. MusIKHIN, V. I. and Esin, O. A. A study 
of the properties of molten titanates by the emf 
method. Zhurn. Fiz. Khim. 32: 1372-1378, 1958. 

In Russian. 

“The electromotive force was measured for 
concentration cells without transport in Na,O- 
TiO, and MnO-TiO, melts at 1200° and 1470 C. 


properties of 


From the data obtained the activities of tho 
components were calculated. The character of the 
electromotive force isoterms indicates a 
negative deviation of these solutions from the ideal. 
Breaks in the curves were revealed corresponding 
to the congruent melting compounds Na,O-Ti0O,, 
Na,O-2TiO,, and 2MnO-—TiO,, bearing evidence 
of the ordering of the melts. As exemplified by the 
system Fe-—Si, a comparison was made with the 
experimental data of the quasi-chemical formula. 
It was suggested that on melting the coordination 
number of FeSi decreases. 

861. KAMADziev, P. R. Electrica! conductivity 
and thermal emf of white tin. Czechos/oy. J. Phys. 
5: 60-63, Feb. 1955. 

In Russian with English abstract. 

Electrical conductivity and thermoelectric power 
as a function of temperature was measured on 
samples of the grey modification of tin composed 
of fine white grains compressed in a suitable form 
during the transformation from the white to the 
grey modifications. The of orientational 
measurements and their evaluation are reported. 


large 


results 


862. KAMADZIEV, P. R. Temperature dependence 
of thermo-emf of. gray Sn with admixtures of Cd. 
Czechosloyv. J. Phys. 6: 426-430, 1956. 

In Czechoslovakian. 

“The conductivity and thermo-emf of gray Sn 
containing 2-8 10'8 atoms of Cd in I cc. were 
measured in the range from 183. to. 10°C." 
Met. Rev. 31: 48, Nov. 1958. 


863. KAMADzIEV, P. R. The temperature de- 
pendence of the thermal emf of gray tin alloyed with 
cadmium. Czechoslov. J. Phys. 7: 453-457, Oct. 
1957. 

In Czechoslovakian. 

The thermal emf and electric conductivity as a 
function of the temperature in the range — 183 to 
about 10°C was measured on samples of grey tin 
alloyed with cadmium. The specimens were pre- 
pared by alloying spectrally pure tin, which was 
then cooled in a closed container for a long period 
at —40 to —50°C so that during the B Sn—-aSn 
transition a compression occurred of the individual 
grains. By analysing the results it was found that 
the activation energy increases with increasing 
concentration of cadmium and that cadmium 
behaves as a p-type impurity since specimens 
sufficiently alloyed with cadmium have a positive 
sign at lower temperatures, which becomes nega- 
tive on entering the region of intrinsic conductivity 
when the influence of the electrons predominates. 
(Sci. Abs. 60A: 4384, 1957). 


864. KAMIGAICHI, T. Electrical conductivity and 
thermoelectrical power of FeS, (Pyrrhotite) 
Hiroshima Univ. J. Sci. Ser. AV9: 499-505, 1956. 

Not examined. 

“Polycrystalline specimens of FeS, were pre- 
pared in which x ranged from 1-00 to 1-12. 
Electrical conductivity and thermoelectric power 
measurements were made at the same time by a 


999 


potential probe method in an atmosphere of 
CO, between room temperature and 400°. The 
results are consistent with the contraction of the 
lattice parameter c with increasing S concentration. 
Chem. Abs. 1: 2384, 1957. 

865. KANAI, Y. and Nu, R. 
studies on the thermal conductivity in semicon- 
ductors Phys. & Chem. Solids. 8: 338-339, 1959. 

Report of International Conference on Semi- 


Experimental 


conductors. 

The thermal conductivity of Bi,.Te,, PbTe, and 
InSb is reported, 100-600 K. No anomalous 
behaviour, such as reported by some investigators, 
was encountered. 

866. KASATOCHKIN, V. I. and KaAverov, A. T. 
Electrical properties and structure of the transitional 
forms of carbon Akad. Nauk. SSSR. Dok. 120: 
1007-1010, 1958. 

In Russian. 

The C samples used in testing were obtained by 
isothermal calcination of pyrolysis and cracking 
coal residues and of channel and thermal carbon 
blacks in N,, the temperatures of up to 3200 being 
maintained for times. The thermal emf 
was determined against Cu at constant temperature 

Ihe resistance of powders 
was measured at of 40 kg/.cm* The 
thermal emf @ and the resistivity p of the samples 
heat-treated at 2000-2800 were presented graphi- 
cally, as were also the changes of @ and p with the 
heat-treatment temperatures. 
available from L.C. or S.L.A. 


35, Jly. 3, 1959). 


Various 


differences I 20°. 


pressures 


Translation 
(See Tech. Trans 
KATAOKA, S. and Suzuki, T. Conductive 
and thermoelectric properties of titanium dioxide 
semiconductors Electrotech. Lab. Bull. (Tokyo) 
18: 732-741, 1954 

Not examined 


“Polycrystalline, 


867. 


semiconducting titanium oxide 
was prepared by reducing pure T1O, rods in puri- 
fied H at The temperature 
dependence of the resistivity is expressed by the 
E/2kT), and from this the 
to approximate 0:2 e\ 


various temperatures 
equation p Pp, exp ( 


ictivation energy is found 


The thermoelectromotive force is generally larger 


ths. 3 


than that of metals.” Semiconducto 


876. 1955 
S68. KAUER, E., KLINGER, O. E. and RABENAU, 
\. Ueber leitfaehigkeitsmessungen im system 
ZrO,-MgO. (Conductivity measurements in the 
system ZrO.,-MgQO). Z. Electrochem. 63: 927-936, 
figs., Nov. 1959 
In German. 
Thermoelectric showed 


power measurements 


positive charge carriers in all cases. 


869. Ketty, F. M. and Pearson, W. B. The 
rubidium transition at ~ 180 K. Can. J. Phys. 33: 
17-24, 1955. 

Resistivity measurements showed a transition 
in Rb at about 180 K. The nature of this transition 
was investigated further by dilatometric and X-ray 
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studies of thermal expansion, thermoelectric force 
measurements, and X-ray examination for the 
possibility of a change in crystal structure. 
Evidence of the transition in properties other than 
resistance measurements is very variable and 
although the transition does not appear to involve 
a change in crystal structure, its characterisation 
as an electronic change remains obscure. The 
resistive behaviour of Rb above 180K _ is 
anomalous. 

870. Ketret, F. Die waermeleitfaehigheit von 
germanium bei hohen temperaturen. (Heat con- 
ductivity of germanium at high temperatures). P/iyy. 
& Chem. Solids. 10: 52-58, Apr. 1958. 

In German. 

An account is given of thermal conductivity 
measurements on germanium monocrystals, both 
intrinsic and with high-hole conductivity. The 
author took mobility values, and values for the 
width of the forbidden zone and its dependence on 
temperature—all theoretical dis- 
cussion of the electronic component of thermal 
conductivity—from the measurements of other 
authors, and confirmed them by comparison with 
his own measurements of thermoelectric force and 
electrical conductivity. The measured values of the 
electronic component of thermal conductivity, of 
both intrinsic and hole-conductive germanium, 
are about 4 times as high as those determined 
theoretically. 


871. Kikorn, A. K. and Feporoy, G. D. Semi- 
conductive properties of magnesium bismuth alloys. 
Izvest. Akad. Nauk. SSSR. Ser. Fiz. 20: 1051-1508, 
1956. 

In Russian. 

Since Group II-V compounds are expected 
theoretically to have highly bonds, they 
should have good insulating properties. Mg and Bi 


necessary for 


were evaporated at a pressure of 10°° mm on glass 
plates previously cleaned chemically and by ion 
bombardment. The relative amount deposited 
varied across the plate. The films were covered 
with a protective layer of SiO. The films were 
transparent for whit elight (to an extent of 20-5 °,) 
at places where their composition was Mg,Bio. 
The same observation made on films of 
Mg-—As. Ca-Bi, and Ca-As. Electric conductivity 
determined on plates which had previously 


Was 


was 
vacuum deposited Cr or Mg contacts. The electric 
resistivity increases greatly near the MgsBi, 
composition. Another maximum which increases 
considerably in air was observed at a 50-50 con- 
centration. This second maximum decreases upon 
annealing at 250°. If both metals are evaporated 
separately, neither transparency nor high resistivity 
are observed unless the films are heated from 3 
hours 230. The temperature coefficient of con- 
ductivity shows semiconductor properties (hole 
conduction) in a large range of compositions 
around Mg, 


872. Kikoin, A. K. and Feporov, G. D. 
Thermoelectromotive forces in alloys of the system 
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magnesium-bismuth. Ural. Politekh. Inst. im. S.M. 
Kirova, Trudy. 72: 90-97, 1957. 

In Russian. Not examined. 

The “critical thickness” for the thermo-emf 
was 500 A for Bi and <100 A for Mg. At the 
compound corresponding to Mg,Bi,, the thermo- 
emf showed a sharp maximum (> 1000 uv/ °C). 
The positive sign of the thermo-emf showed that 
Mg;Bi, isa hole-type semiconductor. 


873. KLEMENS, P. G. Thermoelectric power of 
univalent metals at high temperatures. P/i/. Mag. 
45: 881-882, 1954. 

The Fermi energy of & is taken to be different 
from the value deduced from the free-electron 
model; the theoretical expressions for TE power 
can be made to agree well with experiment; and 
the values are no longer necessarily anomalous. 


874. KmeTKo. E. A. Effect of ambients on the 
thermoelectric power and conductance of ger- 
manium particle aggregates. Phys. Rev. 99: 1642 
1643, 1955. 

Abstract 
American 
June 1955. 


The 


only of paper given at meeting of 
*hysical Society, Toronto, Canada, 


electrical and thermal resistances of 


aggregates of particles free of insulating surface 
films result almost entirely from the constriction 
of flow lines in the vicinity of the interparticle 
contact surfaces. In the case of germanium particles 
under small compressive loads the effective length 


of the constriction regions is comparable to the 
thickness of the space-charge layer. The thermo- 
electric power and de conductance of such a 
system are, therefore, largely surface properties 
and an additional method is provided for investi- 
gating effects of various ambient atmospheres in 
shifting the bands at the surface. 


875. Koc, Electromotive forces of 
thermoelements molybdenum—mercury, tantalum— 
mercury, and platinum—nercury at high tempera- 
tures. Czechosloyv. J. Phys. 4: 250, 1954. 

In Russian. 

Thermal emf between Mo, Ta, or Pt, and Hg 
at 100-1500 followed the equation emf AT®, 
where emf is in mv., T in degrees. The constants 
A and b, respectively for various couples are: 
Mo-Hg 3-750 10-4, 1-649; Ta-Hg 1-629 10-4, 
1,682; Pt-Hg 1-795 10-2, 4-194; in comparison, 
W-—Hg 2-006 = 10-4, 1-723. At 1500° and higher, 
a normal electrical contact was not established. 
W-Cd thermocouple behaved analogously. 


STANISLAV. 


876. Koc, S. Thermoelectric emf of W-Hg at 
high temperatures. Czechosloy. J. Phys.3: 165, 1953. 

in Russian. 

Letter. The thermoelectric emf in millivolts is 
given as 2-006 10-4T!-723 where T is the tem- 
perature in degrees C within the range 100—-150°C, 

877. Kocomiets, B. T. and GoryuNova, N. A. 


Properties and structure of ternary semiconducting 
systems. I. Electrical properties and structure of 
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some materials in the system Tl-Sb-Se. Zhurn. Tekh. 
Fiz. 25: 984-994, 1955. 

In Russian. 

Alloys between TI,Se and Sb.Se, were prepared 
by direct fusion and slow cooling. All were p-type 
semiconductors. Thermoelectric power, electrical 
conductivity, Hall effect and photoconductive 
spectral response were studied and evidence was 
obtained of the formation of a compound 
TI,Se-Sb.Se, (rhombic a 4-15, b 4-50, 
c 12-0A). Preliminary work on alloys of TI,Se 
with As.Se, and As.Te, is reported. Amorphous 
glass-like materials were observed. 


878. KoLomoets, N. V., NesHpor, V. S. et al. 
Thermoelectric properties of certain metal-like 
compounds. Zhurn. Tekh. Fiz. 28: 2382-2389, 
Nov. 1958. 

In Russian. Tr. in Infosearch SEM 

Thermoelectric properties of some borides, 
carbides, nitrides and silicides are investigated. 
The borides and silicides are shown to behave 
similarly to typical metals. 


59. 


879. KoLomoets, N. V. ef a/. Thermoelectrical 
properties of some metal-like compounds. Soviet 
Phys. Tech. Phys. 3: 2186-2193, Nov. 1958. 

Trans. of Zhurn. Tekh. Fiz. 28: 2382-2389, Nov. 
1958. 


880. KoLomoets, N. V. Thermoelectric proper- 
ties of some compounds and alloys having a highly 
degenerate electron gas. Z/urn. Tekh. Fiz. 28: 
936-939, May 1958. 

In Russian. Translation tn 
Info. Serv. Russian Lit. Survey 
6.1—6.6. 

The semiconductor Institute of the Academy of 
Sciences of USSR has collected a number of data 
on the thermoelectric properties of carbides, 
nitrides and borides of the transition metals. The 
characteristic feature of these substances is their 
relatively low thermo-emf and the linear increase in 
resistance with temperature. This 
application of the theory of metals to these com- 
pounds and this application is discussed. 


Infosearch Lit. 


SEM-5-58, p. 


suggests the 


881. Kotomoets, N. V., STAviTzKAYA, T. S. 
and StTit’BANs, L. S. Investigation of the thermo- 
electric properties of lead telluride and lead selenidel 
Zhurn. Tekh. Fiz. 27: 73-81, 1957. 

In Russian. Translation in Soviet Phys. 

Phys. 2: 59-66, 1957. Also in Infosearch. Tech. 
Lit. Info. Serv. Russian Lit. Survey SEM-—2-57, 
6.1-6.12, 1957. 

Measurements were made of the temp. variation 
(100-700 K) of the thermal emf, electrical con- 
ductivity and carrier concentration for the whole 
range (0-100°,) of solid solutions of the system 
PbTe—PbSe. From the measurements, temperature 
and composition variation of the carrier mobility 
and the effective scattering 
centres were derived. Complete results are given 
graphically. S never exceeded 2 


Tech. 


cross-section(s) of 


294 


and Batr, R. T. Thermo- 
Bi, Te,-Bi,Se, alloys. Am. 
27, 1959. 


882. Myers, W. ¢ 
electric properties of 
Phys. Soc. Bull. 4: 409, Nov 

Abstract of paper 

Electrical resistivity, 


thermoelectric power, and 


thermal conductivity were measured in the tem- 
perature range n 68 K and room tempera- 
was determined from the 


isothermal 


The figure of merit 


en weel idiabatic and 


ture 
CITT¢ 


lwasurel 


S83. Nasctepov. D. N. and SLOBODCHIKOV., S. V. 


Study of the electrical and thermoelectrical proper- 
ties of Alsb. Zhurn. Tekh. Fiz. 28: 715-724, Apr 
1958 

In Russia 


lowing electrical properties of the 


The 
semiconductor AISb have been measured. Hall 


1} 


effect, specific conductivity, differential thermo-emf 


The results are discussed with reference to the 


various energy levels 

884. Nastepov, D. N. and I. A. 
The problem of electrical properties of gallium 
arsenoselenides. Soviet Phys. Solid State 1: 510-511, 
Apr. 1959 

Measurements of the differential thermal emf 
showed that he region of the maximum electri- 
cal conductivity 
emf takes place; increases and reaches a 
maximum when the 3GaAs: 
Ga.Se,, after which it decreases and at 35 0/0 GaAs 
it changes its sign. This is in agreement with the 
fact that Ga,Se, is p-type and GaAs n-type. 

Translated from the Russian article in 
Tverdogo Tela 1: 565-567, Apr. 1959. 


slight decrease in the thermal 
then it 
composition is 


Fiz. 


885. National Bureau of Standards, Washington 
D.C. Properties of rutile. I. Electrical conductivity 
and thermoelectric power, by H. P. R. FREDERIKS! 
and W. R. Hoster. 48 p., Nov. 1, 1959. (Rept. 
6585) 

Describes and per- 
formed on TiO,. Emphasis is on preparation of the 
specimens and their electrical properties (con- 
ductivity, Hall effect and thermoelectric power). 

886. National Carbon Co., Cleveland, Ohio. 
Thermoelectric materials, by N. R. THIELKE. 
3 issues Apr Aug. 1959. (Bimon. Prog. 
Rept. 1, 2, 3) (Contract Nobs—77066) (AD-—220 
537); AD A D-231-571). 


heoretical and experimental investigations are 


discusses measurements 


June, 


229-057, 


outlined to develop and evaluate materials for the 


conversion of heat to electric power by thermo- 
The materials include (1) graphites 


forms of carbon with usable thermoelec- 


electric means 
or other 
tric characteristics, (2) refractory nitrides of group 
lif elements including the lanthanide and actinide 
series, (3) solutions of alkali-metals in their fused 
halides, and (4) intermetallic compounds exhibi- 
ting the niccolite (NiAs), pyrite (FeS.), and molyb- 
denite (MoS,) structures correlating properties 
with structure wherever possible and projecting 
this correlation to compounds with desired ther- 
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moelectric properties. Methods are to be developed 
for thermal conductivity measurements of small 
samples, including appropriate single crystals; 
the 700 to 1500°C range is of greatest interest. The 
formal thermodynamic approach to polycrystalline 
heterogeneous systems will be included, as well as 
research on the electron band structure of the new 
materials proposed for thermoelectric power 
generation. Small thermoelectric generators (0-1 w 
or larger) are to be constructed. (TAB p. 5558, 
Nov. I, 1959). 

887. New thermoelectric materials. Mech. Eng. 
80: 83. Oct. 1958. 

Refers to Westinghouse announcement of new 
thermoelectric materials technically described as 
the transition 


““mixed-valence compounds of 


metals.” 

888. New York University, New York. Research 
on Peltier effect cooling, by E. MiILLer, I. CADOFE 
et al. 18 p., Apr. 1956. (Quart. Prog. Rept. 1) 
(Contract 

The preparation and properties of alloys of the 
Pb—Te system are described. Factors affecting the 
efficiency of Peltier effect thermocouples are dis- 
cussed. 

889. New 
neering, New 


York University. College of Engi- 

York, N.Y. Research on Peltier 
effect cooling, by E. Miccer, I. Caporr and M. 
revkes. Final Report. 57 p., Aug. 1955. 

A survey of pertinent literature is given and 
theoretical calculations are presented. Positive 
thermoelectric materials with ZnSb as the base 
were prepared and the effect of the addition of 
bismuth, tin and silver on the resistivity and 
thermoelectric power of the compound was 
determined. A similar investigation was carried 
out in alloys in which bismuth was substituted for 
antimony in ZnSb. 

890. New York University. College of Engi- 
neering, New York, N.Y. Thermoelectric proper- 
ties of intermetallic compounds. 8 issues, 1956, 1957, 
1958. (Quart. Prog. Rept. | through 8.) (Contract 
AF33(616)-3883). 

Purpose is to investigate the resistivity, thermo- 
electric power and mobility of carriers across the 
diagram of the lead-tellurium and the bismuth- 
tellurium systems, and in particular, to examine 
the nature of the fall-off of thermoelectric power 
on either side of the stoichiometric point. 

891. New York University. College of Engi- 
neering, New York, N.Y. Thermoelectric proper- 
ties of intermetallic compounds. 2 p., Dec. |, 1958. 
(Quart. Rept. 9) (Contract AF-33(616) 
3883.) 

Work contract is being concentrated on de- 
termining the properties of the intermetallic com- 
pound BaTe. BaTe has been prepared successfully 
by direct reaction of barium and tellurium in a 
carbon crucible. Since the reaction is rather 
violent, this crucible is placed inside a steel bomb 
whose main function is to prevent scattering of the 


Prog. 


| 
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reaction products. Preliminary electronic measure- 
ments on the samples indicated that the compound 
as prepared has a very large resistivity, in line with 
the estimated energy gap of several electron volts. 


892. New York University. College of Engi- 
neering, New York, N.Y. Thermoelectric proper- 
ties of intermetallic compounds. 2 p., June 1959. 
(Prog. Rept. 10) (Contract AF33(616)—3883) 
(AD-200-471). 

Preliminary electronic measurements on the 
samples of the BaTe compound indicated this 
intermetallic compound has a high room-tempera- 
ture resistivity; this fact is in line with the esti- 
mated energy gap of several electron volts. Cir- 
cultry was set up for the measurement of resis- 
tivity in the megohm range. The 2-point probe 
volt-ammeter method was used. The resistance 
was determined as a function of temperature by 
placing the specimen in a nichrome furnace inside 
2 vycor tube through which N was passed to 
protect the specimen from oxidation. Room- 
temperature resistivities for several samples ranged 
between 10!" and 10° ohm-cm but above 200°C, 
all samples showed resistivity vs temperature 
curves that indicated an activation 
about | e.v. (TAB p. 5277, Oct. 15, 1959). 


893. Nikitin, Elektroprovodnost’ 


termoelektrodvizhshchiia sila silitsidoy perekhodnikh 
metallov. (Electric conductivity and thermoelectric 
power of the silicides of the transition metals). 


Zhurn. Tekh. Fiz. 28: 26-28, Jan. 1958. 

In Russian. 

Translation in Soviet Phys. Tech. Phys. 3: 23-25, 
Jan. 1958. Also in Infosearch Tech. Lit. Info. 
Serv. Russian Lit. Survey SEM-—5-S8, p. 4.1-4.4. 

With a view to their use in thermoelectric 
generators, the thermoelectric powers a, and 
electrical conductivities o, of 23 silicides were 
measured. The method of specimen preparation is 
described; for each silicide two separate syntheses 
were made using Si of 00-000 °, and 99-03 °,, purity. 
The results are tabulated; the effects of introducing 
impurities of Co, Ni and B into MnSi, and of B 
into CrSi, are described. Measurements of the 
thermal conductivities of MnSi. and CrSi, suggest 
that, with 800 'C temperature difference between 
hot and cold junctions, the efficiency of thermo- 
electric generation should be ~ 5°, for these two 
silicides. 


894. Nikitin, E. N. Investigation of semicon- 
ductor properties in the silicon-manganese system. 
Soviet Phys. Solid State 1: 304-308, Feb. 1959. 

Trans. of Russian article in Fiz. Tverdogo Tela. 
1: 340-343, 1959. 

The measurement results for electroconductivity 
and the thermo-emf at room, high, and low 
temperatures gives reasons for the assumption 
that silicon and manganese form alloys with a 
metallic tond, and here, the best-regulated phases 

silicides—are characterized by maximum values 
of electroconductivity and the thermo-emf. 


energy of 


895. Nikitin, E. N. Issledovanie temperaturnoi 
zavisimosti elektroprovodnosti i termoelektrod- 
vizhushchei sily silitsidov. (Investigation of tempera- 
ture dependence of electric conductivity and thermo- 
electromotive force of silicides.) Zhurn. Tekh. Fiz. 
28: 23-25, Jan. 1958. 

In Russian. 

Translation in Soviet Phys. Tech. Phys. 3: 20-22, 
Jan. 1958. Translation also in Infosearch Tech. 
Lit. Info. Serv. Russian Lit. Survey SEM-—5-—58, 
p. 3.1-3.3. 

Manganese silicide, MnSi,, and CoSi are charac- 
terized by a steady increase of electric conduc- 
tivity with decrease in temperature. In the range 
from 200° to 800°C the values of electric 


> 


conductivity change by a factor of only 2 to 3. 


896. NIKOL’SKAYA, E. I. and ReGer, A. R. 
Formation of solid solutions and the magnetic 
susceptibility in the systems HgTe-HgSe, HgTe- 
BMgS, HgSe-BHgS. Zhurn. Tekh. Fiz. 25: 1347 
1351, 1955. 

In Russian. 

Magnetic susceptibility measurements given for 
the subject systems, both as alloyed and after 
annealing at 350 C. The measurements indicate a 
continuous series of solid solutions, verified by 
X-ray diffraction. @HgS transforms to §Hgs in the 
presence of small amounts (less than 0°1°%) of 
HgSe and HgTe. 


897. NIKOL’SKAYA, E. I. and ReGet, A. R. Some 
electrical characteristics of solid solutions HgTe- 
HgSe, HeTe-BHgS, and HgSe-BHgS. Zhurn. 
Tekh. Fiz. 25: 1352-1356, 1955. 

In Russian. 

Investigation of specific and its 
temperature coefficient, thermo-emf, and the Hall 
effects. Results, presented as graphs, show: 
electrical conductivity, Hall coefficient, thermo- 
emf, and electron mobility vs. composition; 
specific resistivity and Hall coefficient vs. magnetic 
field intensity. HgSe and HgTe prepared by 
heating the elements two hours at 800°C in an 
evacuated quartz tube; HgS, by heating at 400 C 
for 20 hours. Alternate method was heating the 
elements for 50 to 80 hours at 350 C in evacuated 
glass ampules. The first method gave large crystal- 
line pieces, 3 mm. in diameter by 7 to II mm. 
long. Powders obtained by both methods were 
pressed into samples 28 « 8 x 2 mm®. The electron 
mobility is 11,800 cm2/secV for pure HgTe and 
14,200 cm /Vsec for 40 HgTe-60 HgSe. Samples 
with over 30°, HgSe had electronic conductivity; 
those under 30°, HgSe had both electronic and 
hole conductivity. The changes of specific resis- 
tivity (/\r/r,) and of Hall coefficient (.\ R/R,) of 
HgTe increase with increasing magnetic field 
strength. The other two systems are similar to 
HgTe-HgSe. Mobilities are high: HgSe-SHgS 
10,000 cm?/Vsec and HgTe-SHgS—8,000 cm? 


Vsec. 


resistivity 
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898. NisHimuRrA, Hipeo. Investigation of Pt-Mo 
alloys. Japan Inst. Metals. J. 22: 425-428, illus., 
1958. 

The electric resistance of Pt-rich alloys and the 
thermoelectromotive forces of Pt-(Pt—Mo) alloys 
were measured. The thermoelectromotive force 
Mo. 

899. NisHimuRA, Hipeo. Investigation of plati- 
num-molybdenum alloys. Nippon Kinzoku Gakkai-Si 
22: 425-428, 1958. 

In Japanese. For English language entry, see 
Item 412, May 

900. NoGa, K 
BaO and (Ba-Sr)O. Phivs. Sox 
Mar./Apr. 1951 

Note 
with poorly activated specimens, p-type conduc- 
tion was found. Thermoelectric power values varied 
from | 2-8 mV/ C in the range from 750° to 
1200°C. Chemical potentials were calculated as 
8 to 2:6 eV, activation energies as 0-4 to 

and carrier concentrations as less than 


shows a maximum value of about 3-5 


1959 issue 


Thermoelectromotive force of 
Japan J. 6: 124-1235, 


Generally observed as n-type although 


6 to 


from | 
0:6 eV, 
10 in. cm 

901. Noritromt, KAzuo. Investigation of thermo- 
electricity for metallic and_ silicate minerals. 
Tohoku Univ. Res. Inst. Sci. Repts. Ser. 5, 7: 
94-101, 1955 

Thermal emf measurements on pyrite, galena, 
magnetite, quartz, and perthite from room 
temperature to about 600 are reported. Positive 
emfs (flow of electrons to the hot junction) were 
observed with quartz; this indicates positive-hole 
conduction, except in the lower temperature re- 
Irreversible changes occurred on heating 
above the a@-% transition temperature. The other 
minerals exhibited negative emfs; this indicates 


electronic conduction. 


902 


gion 


North American Aviation, Inc., Downey, 
Calif. The thermoelectric power of graphite; 
dependence on temperature, type, and neutron 
irradiation, by W. P. EARTHERLY and N. S. Rasor. 
28 p., 1952. (SR-196) 

The thermoelectric power (q) of nine grades of 
artificial and natural graphite was measured in the 
temperature region 4:2-300K. The effect of 
neutron exposure on the temperature dependence 
in this interval was determined also. An analytical 
expression for q was derived that it is in excellent 
qualitative agreement with the experimental data. 
Q is a reliable measure of the number of conduc- 
tion variation observed among 
grades of graphite is similar to the effect produced 
by slight changes in the number of conduction 
electrons. This variation in grade is correlated with 


electrons. The 


particle Size. 

903. North American Aircraft, Canoga Park, 
Calif. Thermal and electrical properties of graphite 
irradiated at temperatures from 100 to 425 °K, by 
G. E. DEEGAN. 77 p., Dec. 15, 1956. (Rept. SR 
1716). 

The pertinent results of a graphite cyclotron- 


irradiation programme are summarized. Experi- 
mental data are presented for the thermoelectric 
power, electrical resistivity and thermal con- 
ductivity of graphite (the medium-particle-size 
AWG type) as a function of several proton irradia- 
tions made at various temperatures. 

904. Novikova, O. A. and Rupnitski, A. A. 
Investigation of the system silver-platinum. Z/urn. 
Neorg. Khim. 2: 1840-1847, 1957. 

In Russian. 

“The hardness 
structure, phase 


electrical resistance (E), micro- 
and thermoelectric 
were 


structure 


properties of alloys with 2-83-95°, Ag 


investigated. 

905. Novixova, O. A. and Rupnitskil, A. A. 
Study of the system gold-silver-platinum. Z/urn. 
Neorg. Khim. 3: 729-749, 1958. 

In Russian. 

On a basis of thermal analysis and a study of the 
microstructure, hardness, short-time resistance to 
fracture, elongation, electrical resistance and its 
temperature coefficient and the absolute thermo- 
emf, a phase diagram of Ag~Au—Pt was constructed, 
and the properties of the phases in relation to 
composition and temperature were studied. The 
fusion of refined Pt, Au (impurities <0-01°,) and 
Ag reduced by glucose from AgCl was carried out 
in a VCh-furnace, in corundized crucibles. In the 
system Ag-Au-Pt, the presence of monovarient 
peritectic reactions was found, as a result of 
which a ternary solid a-solution, rich in Au and 
Ag, is formed. Isothermal sections at 900, 600 and 
20° were studied. The absence of intermediate 
phases was confirmed. On constructing compo- 
sition-property diagrams for sections parallel to 
the Au-Pt side, the Kurnakov principle of corre- 
lation is confirmed. On introducing Pt the un- 
limited solubility of Au in Ag becomes very 
limited. The addition of Ag to Au—Pt alloys con- 
stricts the region of the solid a-solution. 

906. Nuclear Metals, Inc., Cambridge, Mass. 
Electrical, thermoelectric, hardness and corrosion 
properties of vanadium-base alloys, by H. J. Cleary. 
34 p., Sept. 1956. (Rept. 1161). (Contract AT(30-1) 
1565. 

The thermo-emf of the alloys with Al, Cu, Mn, 
Ni, and Zr against Pt indicate that they are not 
suitable for thermocouples. 

907. NysTRON, Joser. Thomson coefficients for 
copper at high temperatures. Ark. Matem. Astron. 
Fys. 34A: No. 27, 1947. 

A comparison of absolute measurements with 
relative measurements by the thermoelectric effect. 

908. OsRowski, W. Thermoelemente. Edle 
thermopaare. (Thermoelements. Thermoelectric 
couples of precious metals.) Arch. Tech. Messen. 
No. 264: 13-14, 1958. 

In German. 

A study of the thermoelectric elements Pt, 10°, 
Ph/Pt, Pt 13°, Rh/Pt, Pt. 30°¢, Rh/Pt. 6°, Rh, 
Ir 60%, Rh/Ir, Pt. 5°, Rh/Au 46°, Pd 2% Pt. 


Abstracts 


Tables give the emf of elements for the range 
0 ’—2000°C. 

909. OrrERGELD, G. and VAN CAKENBERGHE, J. 
Stoichiometry of bismuth telluride and related 
compounds. Nature 184: 185-186, Jly. 18, 1959. 

Bismuth telluride, bismuth selenide and anti- 
mony telluride are being actively studied as semi- 
conductors for thermoelectric cooling. By using 
a sensitive method of differential thermal analysis, 


it has been found possible to determine the 


composition corresponding to the maximum in the 


liquidus curve. 

910. O_pEKop, W. Ueber thermoelektrische 
erscheinungen an glasern. (The thermoelectric 
phenomena in glass.) Glastech. Ber 29: 73-78, Mar. 
1958. 

In German. 

Translation No. GB 105 available from Associa- 
tion of Special Libraries and Information Bureau, 
London. 

Investigation relating to 
mechanism of conduction in silicate glass, accord- 
ing to which alkali ions diffused in glass are 
primarily responsible for current conduction. 
Results show that 
predicted order of magnitude are set up and that 
effect corresponds substantially with theoretical 
expectations. 


current theory on 


911. ORNATSKAYA, Z. 1. The electrical nature of 


certain compounds of tungsten oxide. Z/urn. Tekh. 
Fiz. 27: 130-137, Jan. 1957. 

In Russian. 

In the first part experimental results are given 
by graphs for the temperature dependence of the 
electrical conductivity and the thermo-emf co- 
efficient of sodium and lithium tungstate after heat 
treatment in the atmosphere and in a vacuum up 
to a temperature of about 550 °C. In the second 
part these electrical properties are measured for 
the sodium tungstate and lithium tungstate bronzes. 
An exponential increase in the conductivity is 
found to occur from room temperature to some 
260 C for specimens heated in the atmosphere. 
Also the conductivity is electronic, not ionic, and 
the sign of the thermo-emf coefficient is negative. 
The stability of the electrical properties is con- 
sidered. 

912. Orrer, F. A., Jr. Thermoelectric power and 
electrical resistivity of dilute alloys of Mn, Pd, and 
Pt in Cu, Ag, and Au. J. Appl. Phys. 27: 197-200, 
Mar. 1956. 

Data are given on the resistivities and thermo- 
electric powers of the alloys Cu-Pd, Ag—Pd, Au 
Pd, Cu—Pt, Ag—Pt, Au-Pt, Cu-Mn, Ag-Mn and 
Au-Mn from —195°C to 500°C for the resistivities 
and to 650°C for the thermoelectric powers. The 
thermoelectric powers of the Pt and Pd alloys are 
negative relative to the pure solvents and are 
reasonably constant relative to the solvents at high 
temperatures. The thermoelectric powers of the 
Mn alloys become positive relative to the solvents 


thermoelectric potentials of 
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above certain temperatures. A brief discussion of 
the data in relation to theory is given. 


913. PARRAVANO, G. Thermoelectric behavior of 
nickel oxide. J. Chem. Phys. 23: 5-10, Jan. 1955. 

Measurements of the TE power of NiO con- 
taining Li,O, CeO,, Ag.O, NiCi,, Cr.0;, and 
WO,. By use of an energy model proposed by 
Morin for NiO, the effect of the nature and con- 
centration of additions on the Fermi level, hole 
concentration, and mobility were derived and 
discussed. For most of the samples, hole concen- 
tration can be related to chemical composition. 
Oxides containing electronic defects derived from 
d-electrons do not seem to have a typical conduc- 
tion band. Rather, the conduction electrons 
migrate along localized levels. The formation of 
ion pairs for such a process depends on the 
energetic possibility of the lattice to deviate from 
the stoichiometric compn. The exchange of elec- 
trons within ion pairs is probably constrained by 
the presence of the large oxygen anion. 


914. PARRAVANO, G. and DomeENcIALI, C. A, 
Thermoelectric behavior of solid particulate systems. 
Nickel oxide. J. Chem. Phys. 26: 359-366, Feb. 
1957. 

Thermoelectric power measurements were per- 
formed on powdered NiO in the temperature 
range 60° to 220°C, under atmospheres of O., 
H,, CO, CO,, NO, He, and water vapor at 
different partial pressures. 


915. Patrick, LyLe and Lawson, A. W. 
Thermoelectric power of pure and doped silver 
bromide. J. Chem. Phys. 22: 1492-1495, 1954. 

Measurements on single crystals of AgBr and 
AgBr containing 0:25°, CdBr, in the range 
455-667 K for AgBr and 381-539°K for AgBr 
0:25°, CdBr,. Results interpreted in light of 
kinetic theories of Wirtz and S. R. de Groot. 
Results of Teltow on the ration of mobility of the 
interstitial Ag ions to that of the vacancies were 
consistent with the author’s. No evidence of a 
contribution by Schottky defects to the thermo- 
electric power was found. 


916. PEARSON, A. D. Studies on the lower oxides 
of titanium. Phys. & Chem. Solids 5: 316-327. 1958. 

Pure TiO is fac2-centred cubic above ~ 950°C. 
The structure of samples annealed below this 
temperature is complex, consisting of two or 
possibly three phases not in equilibrium. Impuri- 
ties and excess of oxygen stabilize the face- 
centred cubic form at room temperature. The 
electrical resistivity of TiO (prepared by melting) is 
2°81 x 10-* Q cm at room temperature between 

162 and 362°C. The thermoelectric emf of TiO 
is of the same order of magnitude as that of metals. 
The measured density is less than the X-ray 
density, indicating that 14-6 per cent of the lattice 
positions are unoccupied. The properties of our 
products suggest that the TiO-phase oxides may 
be considered solid solutions of oxygen in titanium. 
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X-ray investigations indicate that Ti,0, probably 
does not exist. The trigonal unit cell of Ti,O, 
between room temperature and 350 C is confirmed. 
The lattice parameters change rapidly between 
160° and 200°C, corresponding to the rapid 
increase in magnetic susceptibility. T-,O, is anti- 
ferromagnetic; xy = 1-09 cgs units at 20°C. 
The thermal activation energy of electrical con- 
duction of Ti,Q, in the room temperature region 
is about half of the observed optical activation 
energy. The material is a p-type semiconductor at 


room temperature. 


917. Pearson, W. B. Electron transport in 
copper and dilute alloys at low temperature. III. 
Solid solutions of iron in copper. Phi/. Mag. 46: 
911-919, Aug. 1955 

Systematic measurements of thermoelectric 
force and electrical resistivity of dilute alloys of iron 
in copper have been made at close intervals of 
temperature between 4:2 and ~ 50°K. These show 
that iron gives rise to particularly large anomalous 
thermoelectric effects and minima in the resistance 


when dissolved in copper 


918. Peri, G., Perrot, M. and J. 
Thermoelectric effects shown by some oxides, 
investigation of cupric oxide. J. Phys. et Radium 18: 
282-283, Apr. 1957 

This material of commercial grade in powder 
form was pressed between copper electrodes. The 
conductivity had a similar exponential dependence 
on temperature as other oxide semiconductors. 
For a temperature difference between the electrode 
the hot one became negative, unlike various other 


oxides studied. 


919. Perrot, Marcer, Peri, GEORGES and 
Rosert, J. Experimental study on thermoelectric 
effects of certain oxide powders. A/giers Univ. Pub. 
Sci. Ser. B. 3: 107-120, Oct. 1957 

In French. Not examined. 

“An investigation of the cells Al| Al, Os | 
Al, Pb | PbO, | Pb, and Cu | CuO | Cu, wherein 
the oxide is in the form of a powder and one 
electrode is at an temperature not 
exceeding 200 , while the other is at room tempera- 
ture, indicates that they manifest thermoelectric 


elevated 


power. The sign of the emf generated was negative 
when the cell was exposed to moisture and positive 
when dry.” Bell Index Curr. Tech. Lit. J426 
Nov. 15, 1958. 


920. PerroT, MARrcEL, Peri, GEORGES, and 
Ropert, J. A thermoelectric effect with powdered 
metallic oxides. Conf. Uses of Solar Energy, 
Tucson, 1955, Trans. 5: 36-42, 1958. 

A summary of experimental work on_ the 
properties of cells formed by two metallic plates 
compressing a powder therein an emf is generated 
is presented graphically for 3 cells with moist 
oxides: Pb/PbO,/Pb; AI/Al,O,/Al; and Cu 
CuSO,/Cu. The sign and magnitude of the emf 
depended upon the type of oxide and the moisture 


content. The results are interpreted in terms of 
formation of concentration cells. 

921. Perrot, Marcet and Peri, GEORGES. 
Sur des elements thermoelectriques particuliers. 
(Particulate thermoelectric elements.) Acad. Sci. 
Paris. Compt. Rend. 239: 537-539, 1954. 

In French. 

When a powdered oxide of Al, Be, or Th is 
compressed between two, metallic plates, a 
difference in temperature between the two plates 
results in an emf. When the oxide is moist, the 
positive pole is always the colder one, but if the 
oxide is dry, the positive pole is always the warmer 
one. However, with dry oxide the intensity of 
polarization is extremely weak, whereas with wet 
Al.O, of 20 cm® surface, | mm. thick and 
50 ohms resistance, compressed between two Al 
plates with a temperature difference of 220°C, a 
potential of 0-5V was generated anda current of 
1 ma delivered for 3 hours through a resistance of 
400 ohms. Considerable variation in the E and I 
produced with different samples of Al,O,. 


922. Perrot, MARCEL, PERI, G., ROBERT, J. and 
others. Sur un effet thermoelectrique presente par 
de l’oxyde cuivrique en poudre. (A thermoelectric 
effect exhibited by cupric oxide in powder form.) 
fcad. Sci. Paris, Compt. Rend. 242: 2519-2522, 
May 23, 1956. 


In French. 
Experiments have been made with elements 


comprising powdered CuO compressed between 
two Cu electrodes. Graphs show the temperature 
variation of resistance of an element as a whole, 
and the variation of the thermo-emf as a function 
of the temperature difference between the elec- 
trodes for several elements; in one case the useful 
power is 22 mW/cm®?. 

923. Pitat, I. M. The electric and magnetic 
properties of the intermetallic compound cadmium 
antimonide. Fiz. Metal. i Metalloved. 4: 232-238, 
1957. 

In Russian. 

The electrical resistivity, thermo-emf, Hall 
parameter, thermal conductivity and magnetic 
susceptibility were measured as functions of tem- 
perature for several specimens of CdSb. Specimens 
included stoichiometric, various small departures 
from stoichiometry, and various concentrations of 
Al, Te, Pb, Sn and In. Results are given in tables 
and graphs. The discussion related the measure- 
ments to the finding forces in the crystals. 


924. Pitat, I. M., IskrA, V. D. and SHUMAN, 
V. B. Electrical properties of the intermetallic 
compound CdSb with indium impurity. Soviet Phys. 
Solid State. 1: 354-357, Mar. 1959. 

Trans. of Russian article in Fiz. Tverdogo Tela. 
1: 393-396, Mar. 1959. 

The present paper reports studies of the tem- 
perature dependence of the electrical conductivity, 
the Hall effect, and the thermoelectric power of 
CdSb samples with indium impurity. 


Abstracts 


925. Pita, I. M. Electric properties of the inter- 
metallic compounds CdSb. Zhurn. Tekh. Fiz. 27: 
119-122, 1957. 

In Russian. 

Electric conductivity and thermal emf from 

180 to 250 C., the rectification of CdSb at the 
point contact and the triode effect. 

926. PiLaT, I. M., L. D. and VoIrySHEN, 
S. U. Elektrisheskii i magnitnie svoistva sisteme 
ZnSb-CdSb. (Electrical and magnetic properties for 
the system ZnSb-CdSb). Zhurn. Tekh. Fiz. 28: 
786-788, Apr. 1958. 

In Russian. 

Electrical conductivity, thermo-emf and Hall 
effect of this semiconductor have been measured. 


927. PIMENTEL, G. C., and SHELINE, R. K. The 
Fermi gas mode! applied to the thermal electro- 
motive forces of tin, lead and indium. J. Chem. Phys. 
17: 644-647, Jly. 1949, 

The absolute thermoelectric powers of Sn, Pb, 
and In in the range of 2-10°K are taken from data 
of Keeson and Matthijs. The temperature de- 
pendence of thermal emf is parabolic, as predicted 
for a Fermi gas. With an additional assumption 
regarding a mean free path parameter, the Fermi 
energies for Sn, Pb, and In are calculated to be 
5-72, 2:89 and 1-20 eV, respectively. Low tem- 
perature specific heat data then provide an estimate 
of the number of conduction electrons per atom. 
The latter values are 2-54, 2°39, and 0:50 res- 
pectively. 

928. Pinnick, H. T. Hall constants and thermo- 
electric power of titanium alloys. Am. Phys. Soc. 
Bull. ser. 2, 3: 254, June 19, 1958. 

Abstract only. 

The change in electrical resistivity of titanium 
when alloyed with silver, aluminium, and tin has 
been shown to be essentially independent of the 
valence of the solute. In an effort to study changes 
of electron concentration in these same alloy 
systems, their Hall constants and thermoelectric 
power have been measured. Qualitatively, the 
Hall constants and thermoelectric powers of the 
three alloy systems are quite similar. However, 
in contrast to the case of electrical resistivity, 
there is a definite dependence on solute valence. 
The initial slope of Hall constant as a function of 
concentration for the silver alloys is greater by a 
factor of two than for the tin alloys, while the 
initial slopes of thermoelectric power at 80 K as a 
function of concentration for these two alloy 
systems have different signs. 

929. Pittsburgh University, Pittsburgh, Pa. 
Rare earth chalcogenides, by A. R. FREDA. 2 p., 
Nov. 30, 1959 (Tech. Prog. Rept. 1) (Contract 
NOba-77068) (AD 231572). 

Studies were undertaken to develop and prepare 
a thermoelectric power generating material from 
the rare earth compounds of one or more of the 
lanthanide series of elements with group VI B 
elements. Resistivity measurements were made on 
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the commercially pure rare earth oxides and the 
high-purity ceric oxide produced from an iron 
exchange process before and after sintering. The 
measurements were also made on the doped and 
undoped compacts. 

semiconductive 


930. PiwkowskI, T. R. Some 


properties of dilute binary solid solutions of bismuth 
in tellurium and tellurium in bismuth. Nafure, 184: 
355-356, Aug. 1, 1959. 

The thermoelectric power, type of conductivity, 
conductivity and magnitude of the photoconduc- 
tive properties of dilute binary solutions of Bi-Te 
are given. It is suggested that these solid solutions 


are semiconductors. 

931. PLESSNER, K. W. Conductivity, Hall effect 
and thermoelectric power of selenium single crystals, 
Phys. Soc. Proc. 64B: 671-681, Aug. 1, 1951. 

Conductivity obeys the law o —o, exp (—eE/kt) 
with eE 0-13 eV Ohm’s law is not obeyed for 
applied fields > 5V/cm. Both thermoelectric power 
and Hall effect rise slightly with increasing tem- 
perature, indicating a decreasing concentration of 
current carriers (positive holes). The evidence points 
to the existence of intergranular barriers in single 
crystals. 

Condensed version of this article appears in 
Nature, 165: 970-971, June 17, 1950. 

932. PoxaTitov, E. P. Consideration of trans- 
ferred charges in the theory of thermoelectric 
phenomena. Uchenye Zapiski Kishinev. Univ. 24: 
115-126, 1956. 

In Russian. 

A correction involving the consideration of 
electric charges transferred in the process of dif- 
fusion is introduced in the derivation of the 
relation between the coefficient of the thermo-emf 
a and the temperatures. Cases are considered of a 
semimetal at low temperatures, a semimetal and a 
semiconductor at high concentrations of the 
current carriers, and of a semimetal with a low 
concentration of the latter. 

933. Pottock, D. D. and Fincn, D. I. Effects 
of alloying elements on the electrical properties of 
manganin-type alloys. J. Metals. 8: 203-210, 1956. 

Relationships between the compositions of 
specially prepared manganin-type alloys and some 
of their electrical properties have been established. 
Empirical equations, based upon the electronic 
configurations of the alloying elements, are given 
which describe the resistivity, temperature co- 
efficient, peak temperature, and thermoelectric 
power of Cu-Mn-—Ni-Fe alloys at approximately 
room temperature. Calculations based upon these 
relationships are correlated with experimental 
data. 

934. PotLock, D. D. and Fincu, D. I. Electrical 
properties of Cu-Mn-Al-In-Fe and Cu-Mn-Al-In- 
Fe-Ni alloys. AJME Met. Soc. Trans. 212: 841-846 
Dec. 1958. 

Empirical relationships between the composition 
and some of the electrical properties are estab- 
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lished. Equations, based upon the electronic 
configurations of the alloying elements, describe 
the resistivity, temperature coefficient, and 
thermoelectric power of these alloys in the neigh- 
bourhood of room temperature. 


935. Pottock, D. D. and Fincn, D. I. Electrical 
properties of Cu-Mn-Al-In-Fe and Cu-Mn-Al-In- 
Ni-Fe alloys. Am. Insi Met. Soc 
Trans. 212: 841-846, Dec 

Resistivity, temperature coefficient and thermo- 
power at room temperature depends on 
(Mer. Lit. Rev. 15: 693, 1958). 
Potter, R. D. Calibration 
molybdenum thermocouple. App. 
1383-1384, Nov. 1954 

Values of emf were determined up to 2242 F. 

937. PoweLL, HANDELL and Evans, E. J. 
The Hall effect and some other physical constants 
of alloys. The aluminium-silver series of alloys. 
Phil. Mag. 34: 145-161, 1943 

The thermoelectric power with respect to coppet 
of an alloy of aluminium and silver varies with its 
composition between | and —4 microvolts per 


Vining Eners. 
1958 


electric 
composition 

96. of a_nickel- 
Phys. 25: 


degree centigrade 

938. PoweLt. R. L., Roper, H. M. and Hatt, 
W. J. Low-temperature transport properties of 
copper and its dilute alloys, pure copper annealed 
and cold drawn. Phys. Rev. 115: 314-323, Jly. 15, 
1959 


Experimental results for thermal conductivity, 


electrical resistivity and thermo-electric force and 


power between 4 and 300 K 


939. Powe LL, R. L., HALL, W. J. and Roper, 
H. M. Low-temperature transport properties of 
commercial metals and alloys. Hl. Aluminiums. 
J. Appl. Phys. 31: 486-503, Mar. 1960. 

Thermal conductivity, electrical 
Lorenz number, thermoelectric force, and thermo- 
electric power are given in the temperature range 
4-120 K for ten aluminiums and aluminium alloys. 
The thermoelectric power of some of the alloys is 
with to high purity sample, for 
negative. The various properties, 
methods of analysis, and separation of compo- 


nents are discussed in detail. 


resistivity, 


positive respect 


others it is 


PresNov, V. A. and Synorov, V. F. Pre- 
paration and investigation of intermetallic com- 
pounds in the form of thin layers. Zhurn. Tekh. Fiz. 
27: 123-126, Jan. 1957. 

In Russian. 

“Thin specimens were prepared of the following 
AlIBY-type compounds: AISb, InSb, GaSb, 
as well as of various pure group IV elements. The 
specimens were prepared as follows: thin layers 
each 0-1-1 u thick were evaporated on top of each 
other to produce strip specimens with thickness 
varying (in a direction parallel to the width) from 
one layer to about fourteen layers. Measurements 
of the electrical resistivity p parallel to the length 
and the thermal emf (a) gave the following results: 
(1) p for pure group IV semiconductors varied 


940. 


little with thickness (t) and was close to the bulk 
value; @ was very small and difficult to measure. 
(2) p for All BY films varied greatly with t. having 
a sharp maximum at 2-3 layers thick; the largest p 
measured was about 30 ohm cm. (3) The variation 
of @ with t for A'UIBY films was similar to the 
variation of p. The maximum @ measured was 
220u.V/ C. (4) The Hall parameter was measured 
on suitable specimens and was always >0. The 
variations of @ and p with t are ascribed to 
variation of composition. Maxima correspond to 
stoichiometric AlMIBY but the values at maxima 
differ greatly from bulk values for the same 
compounds.” 


941. Progress made in semiconductors. Chem. & 
Eng. News. 37: 34, Sept. 14, 1959. 

A Boston technical session revealed advances 
such as cobalt silicide in thermoelectric generators ; 
improved GeTe materials which boost thermo- 
electric generator efficiencies in the 700 to 950°K. 
range; and new alloying systems such as indium 
arsenide-gallium arsenide which show promise in 
thermoelectric power generators operating with 
hot junction temperatures between 500° and 700 C. 


942. Propopopescu, M., CRIMER, D., FoxT, E. 
and DuLamita, T. Semiconductor properties of 
antimony-zine alloys. Acad. Rep. Populare Romine, 
Studii Cercetari Met. 4: 33-57, 1959. 

In Roumanian. Not examined. 

“The variations of the electrical and thermo- 
electrical properties of Sb—Zn alloys are investi- 
gated as functions of their composition and 
structure. The alloys are produced in vacuo or 
under Ar. Zn, purified to 99-92, and Sb, purified to 
99-86 and 99-9998°°, are used. The electrical 
resistance, as a function of the composition and 
the structure of the alloys, shows a pronounced 
maximum in the case of SbZn at p 14,320 
uQem. With 30-45°, Zn the semiconductor 
character of the alloys is especially notable. In 
a number of these alloys the activation energy for 
the thermal transitions of the charge carriers /\€ is 
calculated to be 0-46 eV. The relation between the 
thermo-emf and the electrical conductivity 
is @ — 456-5-81-4 log @ in the entire range of the 
alloy system Sb-Zn.”” Chem. Abs. 53: 14707, 1959. 


943. PrusHinskil, Yu. G. and LupaAn, Yu A. 
Sign of conductivity of powdered germanium films. 
Ukrain. Fiz. Zhurn. 4: 125, 1959. 

In Ukrainian. 

“The electrical conductivity of Ge films obtained 
by sublimation of Ge was investigated. During 
sublimation a vacuum of 5 10-° mm Hg was 
maintained. The film has electrical conductivity. 
The sign of the conductivity was determined by the 
thermo-emf sign and its absolute value was found 
to be in the order of 1 mV/degree. Ge films 
obtained in 10-> mm vacuum showed hole-type 
conductivity which is not inherent to the film but 
is probably due to the effect of remaining gas 
molecules * Chem. Abs. 53: 17678, 1959. 
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944. PULLAN, G. T. The thermoelectric be- 
haviour of tin and silver at liquid-helium tempera- 
tures. Roy. Soc. London. Proc. 217A: 280-293, 


figs., 1953. 

A new method, employing a superconducting 
galvanometer and requiring a temperature dif- 
ference of only 0-01 K between the ends of the 
specimen, has been used to measure the absolute 


thermoelectric powers of tin and silver. The 
thermoelectric behaviour of metals in the normal 
(non-superconducting) stage shows striking dis- 
agreement with the predictions of the free-electron 
theory. Thus, the thermoelectric power does not 
vary linearly with the absolute temperature, and 
for silver has a positive, instead of a negative, sign. 
The thermoelectric power is profoundly influenced 
by the presence of strains in the specimens, and by 
very small amounts of impurity, the temperature 
dependence becoming more nearly linear for 
impure or highly strained specimens. A marked 
anisotropy has been found in the thermoelectric 
behaviour of single crystals of tin. 


945. Purdue Research Foundation, Lafayette, 
Ind. Semiconductor research. 32 p., 1957. (Quart. 
Rept. 4) (Contract DA 36-039-sc-63222) (AD-140 
582). 

A progress report on several projects in semi- 
conductor research. Included in the discussion is 
the thermoelectric power of InSb at high tempera- 


tures. 


946. Purdue University. Physics Department, 
Lafayette, Ind. Semiconductors at low tempera- 
tures, by V. A. JOHNSON and K. LARK-HoROvITz. 
59 p., 1956. (Special Rpt.) (Contract DA36-039-sc- 
71131). 

Measurements made in the liquid hydrogen and 
liquid helium temperature ranges are useful in 
obtaining information about the basic nature of 
semiconductors. The investigations considered are 
of resonance phenomena, electrical properties, 
including resistivity. magnetoresistance, Hall co- 
efficient, and thermoelectric power, thermal 
properties such as specific heat and thermal 
conductivity, and optical properties such as 
absorption and photoconductivity. 


947. Puttey, E. H. The Hall coefficient, 
electrical conductivity and magnetoresistance effect 
of lead sulphide, selenide and telluride. Phys. Soc. 
Proc. 68B: 22-34, Jan. 1955. 

The experimental procedure and results are 
described for measurements of the Hall coefficient 
and electrical conductivity of single crystals and 
natural specimens of PbS, PbSe and PbTe over 
the temperature range 77-1000°K. Some measure- 
ments at 20 K are also described. The magneto- 
resistance effect was also measured on some 
specimens at a number of temperatures between 
20K and 300 K. At high temperatures all speci- 
mens show intrinsic behaviour. This will be dis- 
cussed in detail] in a subsequent paper but the 


behaviour in the extrinsic range, the temperature 
dependence of the mobility and irreversible effects 
found at high temperatures are discussed. It is 
concluded that the general behaviour of the 
effects considered can be accounted for by the 
usual semiconductor model. 


948. PutLey, E. H. Thermoelectric and galvano- 
magnetic effects in lead selenide and telluride. Phys. 
Soc. Proc. 68B: 35-42, 1955. 

Describes measurements of TE power and the 
Peltier, Nernst, Ettingshausen, and Righi—Leduc 
effects; behaviour is in accordance with 
ventional semiconductor theory. The coefficients 
are also calculated from the known value of the 
Hall coefficient and conductivity. Good agreement 
obtained between measured and calculated galva- 
nomagnetic coefficients. From observation of the 
Peltier effect, an estimate of the thermal conduc- 
tivity is obtained. Comparison of measured and 
calculated values of TE power permits establish- 
ment of the effective mass of cart in PbSe, 
about 0:3 m. The thermal conductivity can be 
established from the Peltier temperature difference 
set up when a current is passed through the crystal. 
Values obtained for the Ettingshausen coefficient 
show that errors in d.c. Hall effect measurements 
due to this effect should not be greater than 1°%, 
which is not large compared with other errors 
likely to be present. 


con- 


949. Radio Corporation of America, David 
Sarnoff Research Centre, Princeton, N.J. Thermal 
and electrical properties of material. 10 p., June 30, 
1959. (Prog. Rept. 2) (Contract AF33 (616)-6165). 

High-temperature measurements of thermo- 
electric power and resistivity are described for the 
In,Ga, alloy. Preliminary diffusivity results in an 
n-type sample of germanium from room tempera- 
ture to 750°C are given. 

950. Radio Corporation of America. David 
Sarnoff Research Centre, Princeton, N.J. Thermal 
and electrical properties of material. 9 p., Sept. 30, 
1959. (Prog. Rept. 3) (Contract AF33 (616)-6165). 

Measurements of thermoelectric power and 
resistivity as a function of temperature have been 
made on an alloy Iny. ,Gay..As. 

Preliminary analysis on the diffusivity measure- 
ments on germanium has been made. This analysis 
indicates a considerable anharmonic contribution 
to the specific heat. 


951. RauscH, K. Investigations of antimony 
single crystals in a transverse magnetic field. 
(Electric and thermal resistance; thermal emf). 
Ann. Physik. 1: 190-206, 1947. 

In German. 

Single crystals of Sb and two constantan- 
manganin thermocouples were investigated in an 
apparatus described by Griineisen and others. 

952. Rae materials for electronic and new 


ceramics. Ceram. Indus. 74: 90-101, Jan. 1960. 
Names of materials are alphabetically listed, 


302 Abstracts 


and under these are given properties and uses. 


Several thermoelectric materials are included. 
The thermoelectric force 
Naturforsch, 12a: 


953. REIMER, LUDWIG 
of thin evaporation layers. Z. 

5-526, 1957 

Evaporation of both layers (Cu and the tested 
(1 to 2 10-° mm.) 


metal) LOOK Place In vacuo 


with an evaporation velocity of 1OOA/sec. through 


of diaphragms in a high vacuum so 
Measure- 


displacement 
that the !aye were not exposed to air 
compensations 
a 50A thick- 


1ich point a change of sign in the 


This is observed in Ni 


ment thermo-emf done by a 


witch he measurement extends to 
ness oO! il 
thermo-emf is 
layers thinner than 40A; in Ni, thermo-emf begins 
at 400—S00A 


observed 


to decrease , in the order of magnitude 


rage free path of the conducting elec- 
between layer thickness and 


Te, Sb, Bi, Fe, Cu, Ni, 


trons. The relation 
thermo-emf is shown for 


Co, and Al 


954. Research Chemicals, Burbank, Calif. Re- 
fractory gadolinium and hafnium compounds. May 
18 to Dec. 31, 1959. } in. thick. Dec. 31, 1959. 
(RC-134) (Contract NObs-77145). 

Gives data obtained so far during investigations 
of the Seebeck and resistivities of 
gadolinium and hafnium. 


coefficients 


955. Rezanoy, A. |. Thermal and thermoelectric 
properties of ferromagnetic metals. Akad. Nauk. 
SSSR. Dok. 82: 885-887, 1952. 

In Russian. 

By the procedure of Vonsovskii on calculating 
the electrical conductivity of ferromagnetic metals 
from the interaction between the 3d electrons of 
the atoms and the 4th electrons in the crystal 
lattice, an analogous formula is obtained for the 
coefficient of heat concentration. The temperature 
dependence of the ferromagnetic contribution to 
the magnitudes is determined mainly by the square 
of the spontaneous magnetisation, and, con- 
sequently, the temperature coefficients must have 
a sharp maximum near the Curie point. 


956. RICHARDS, WALLACE and Evans, E. J. 
The Hall effect and other physical properties of the 
copper-cadmium series of alloys. Phi/. Mag. 13: 
201-225, 1932. 

The thermoelectric power with respect to lead 
of a copper-cadmium alloy varies with its compo- 
sition —4 and 21 microvolts per degree centi- 
grade. 


957. RierzscH, A. Ueber die thermische und 
elekrische leitfahigkeit von kupfer-phosphor und 
kupfer-arsen. (On the thermal and _ electrical 
conductivity of CuP and CuAs). Ann. Physik. 3: 
403-427, 1900. 

In German. 


958. Ropertson, W. D. and Uutic, H. H. 
Electrical properties of the intermetallic compounds 
Mg,.Sn and Mg.Pb. Metals Tech. 15: Tech. Pub. 
2468, p. 1-11, tables, Oct. 1948. 


measurements show that the 
conduction mechanism is predominantly elec- 
tronic. The thermoelectric power of Mg,Sn is 


negative relative to copper and is equal to 90 


Thermoelectric 


microvolts per degree in the range of 15 to 100 'C. 
The compound, therefore, analogous to ZnO, 
is an excess type semiconductor. The thermoelectric 
potential is a power function of temperature over 
the range of 20 to 460 C. the experimental values 
of which may be approximated by a relation of the 
form: Em.v. 13-06 

6:7 10-°T? is the absolute tempera- 
ture 

959. Roper, H. M., Power, R. L. and Hat, 
W. J. Thermal and electricai conductivity of pure 
copper. /n International Conference on Low 
Temperature Physics and Chemistry. Proceedings. 
Sth, 1957, p. 364-367, figs., Madison University of 
Wisconsin, 1958. 

Measurements of the thermal and electrical con- 
ductivity and thermal emf for three related coppers 
in the temperature range 4 to 120K. 


32-55 


where 1 


960. Ropot, MICHEL. Properties of the semi- 
conductor Insb. /. Phys. et. Radium. 19: 140-150, 
Feb. 1958. 

In French. 

The properties of the semiconductor InSb are 
reviewed. Special attention is paid to the un- 
certainty prevailing about the important features: 
the exact value of the electron effective mass and 
the mechanism of scattering of the electrons. The 
theory of the thermoelectric and thermomagnetic 
effects in InSb is then given and experimental 
results are presented which support the idea that 
scattering by the optical lattice vibration is the 
predominant mechanism. 

961. Ropot, MICHEL. Theorie de !’effet magneto- 
thermoelectrique transversal dans les semicon- 
ducteurs. (Theory of the transverse magneto- 
thermoelectric effect in semiconductors). Acad. Sci. 
Paris. Compt. Rend. 243: 129-132, Sly, 9, 1956. 

In French. 

The laws governing the variation of the Seebeck 
effect in the presence of a transverse magnetic field 
are established, starting from Boltzmann’s trans- 
port equation and assuming dispersion of charge 
carriers by ionisation impurities. 

962. Ropot, MICHEL. The properties of indium 
antimonide. J. Phys. et Radium. 19: 6s, 1958. 

In French. 

A Note. There are two controversial questions: 
the effective electron mass and the mechanism of 
electron scattering. The variation in thermoelectric 
effect by a transverse magnetic field was studied; 
the results indicated that scattering is due to 
optimum vibrations of the lattice. 

963. ROMANKEVICH, V. N. and SipYAKIN, V. G. 
Electrical properties of amorphous selenium with 
iodine impurity. /zvest. Vysshivh Ucheb. Zaved. 
Fiz. 6: 25-32, 1958. 

Thermoelectric power a was also measured for 
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pure amorphous selenium it was equal to 1:1 
mV/deg. The temperature dependence of the 
thermoelectric power a was obtained for samples of 
amorphous selenium with iodine. The sign of the 
thermoelectric power indicated that pure selenium 
and selenium with iodine have hole conductivity. 
(Selenium and Tellurium Abs. 1: 22, 1959). 

964. Rosi, F. D., ABELESs, B., and JENSEN, R. V. 
Materials for thermoelectric refrigeration. Phys. & 
Chem. Solids. 10: 191-200, Jly. 1959. 

The electrical conductivity, thermoelectric power 
and thermal conductivity were measured on 
various materials. Criteria determining the opti- 
mum properties of the materials for thermoelectric 
refrigeration are discussed. 

965. Ross, 1. M. and SAKer, S. W. Applications of 
InSb. J. Electron. 1: 223-230, 1955. 

InSb can be used: (1) for detection of long-wave 
radiation (to 7-54 when cooled to 77°K), photo- 
magnetic, photovoltaic, and photoconductive 
properties can be used; (2) as an infrared filter 
material; (3) as a thermoelectric generator material 
although not very efficient, owing to high thermal 
conductivity (factor of merit 10 10-* as com- 
pared to 31 10°* for Bi,Te;); (4) for measure- 
ments of electric fields by the Hall effect, or use as a 
compass; (5) as a Hall effect wattmeter and for 
other metering applications; (6) as a Hall effect 
amplifier, when inserted into a_ nearly 
magnetic core; and (7) as a resistance gyrator and 
in several other applications based on magneto- 
electric properties. 

966. RupNiTski, A. A. knvestigation of the 
electric and thermoelectric properties of alloys of 
platinum with copper. Sektora Fiz-Khim. Anal. 
Inst. Obshchei Neorg. Khim. Akad. Nauk. SSSR, 
Izvest. 27: 171-184, 1956. 

In Russian. 

“In the concentration interval from 0 to 100°,, 
an investigation was made of the electric and 
thermoelectric characteristics of a Cu-Pt alloy in 
hardened and annealed states. The resistance 
was measured at 25° and 100 , the absolute thecmal 
emf was studied in the temperature range from 
room temperature to 1000. The concentration 
dependence of the electric resistivity and its 
temperature coefficient for hardened alloys has a 
shape that is characteristic of a continuous series 
of solid solutions . . . It is concluded that when a 
solid solution is cooled, PtCu; compound with a 
maximum transformation temperature is formed 
in the region of concentrations from 25 to 62 
atomic percent copper.” U.S. Joint Pub. Res. 
Service Rpt. 469, Soviet Abstracts Physics, June 4, 
1958. 

967. RupNitskil, A. A. and PoLyAKova, R. S. 
Physical properties of ruthenium. Zhurn. Neorg. 
Khim. no. 12: 2758-2761, 1957. 

In Russian. 

“A study of a series of physical properties of 
Ru specimens (of purity ~ 99-8°,), produced by a 
metalloceramic method, has been carried out. The 


closed 
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have been studied: 
(11-90), microstructure and lattice parameters 
(a 2-7015, 4-27604 A, c/a 1 -5828); 
the hardness. specific electric resistance of annealed 
specimens (7°427 Q cm at 25°) and its temperature 
coefficient (3-589 10-*/degree) have been deter- 
mined; in the heating curve of a specimen of Ru 
and in curves representing the relationship be- 
tween the thermo-emf and temperature no 
anomalies are observed up to 1250’. On this basis 
it is assumed that there are no polymorphic 
changes in Ru up to 1250°.” (J. Abs. Metal. nos. 
5 and 6, 1958, p. 62). 


following specific gravity 


968. SAKATA, TOSHIMICHI. Some experimental 
studies of the conductivity and thermoelectro- 
motive force of Cs,Sb photocathodes. Phys. Soc. 
Japan J. 8: 125-126, Jan./Feb. 1953. 

Experimental results are shown graphically. 
The thermo-emf ranges from 1-1 mV/deg. at 
268 to 0:3 mV/deg. at 343°K. The resistivity is 
given by the formula p p,exp (¢/kT), where T 


is the absolute temperature and € is about 0:2-0°3, 
p-type conductivity being indicated. 


969. SAKATA, TOSHIMICHI. Some experimental 
studies of the conductivity and thermoelectromotive 
force of Cs,Sb photocathodes. II. Phys. Soc. Japan J. 
8: 272-273, Mar/Apr. 1953. 

A note. The measurements were extended 
(from Part I) to 221 K. P-type conduction was 
observed over this range. The temperature 
variation of thermoelectric power indicated an 
impurity activation energy of about 0-4 eV in 
agreement with conduction measurements on the 
same cell. The acceptor levels are probably due to 
an excess of Sb. 

970. SAKATA, TOSHIMICHI. Thermoelectric power 
of cesium antimonide. Phys. Soc. Japan J. 9: 
1031-1032, 1954. 

The thermo-emf of Cs.Sb specimens was 
determined and compared with values calculated 
from the expressions of Johnson and Lark- 
Horovitz which involved the Hall coefficient. 
Qualitative agreement between experiment and 
theory was obtained. 


971. Samsonov, G. V. Electric conductivity of 
some compounds of transition metals with Boron, 
carbon, nitrogen, and their melts. Zhurn. Tekh. Fiz. 
26: 715-722, 1956. 

In Russian. 

Trans. in Soviet Phys. Tech. Phys. 1: 695-701, 
1957. 

Data on the electric conductivity of TiB,, TiC, 
TiN, ZrB., ZrC, ZrN, NbB,, NbC, NbN, TaB,, 
TaC, TaN, HfB,., HfC, HfN, VB., VC, VN, 
Mo.B,, Mo,C, MoN, Mo.N, W.B;, WC, W2N, 
LaB,, and CeB,, as well as of intermediate 
mixtures, are shown. At least qualitatively, the 
specific electrical resistivity of these substances can 
be interpreted in terms of the degree of incom- 
pleteness of the d or f electron levels of the 
corresponding metals. 
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972. SAMSONOV, H. V. and STRIEL’NIKOVA, N. S. 
On the thermoelectromotive force on some metallic 
borides and carbides in contact with copper. UArain. 
Fiz. Zhurn. 3: 135-138, Jan./Feb. 1958. 

In Russian 

The thermoelectromotive force of a number of 
contact with 


borides and carbides in 


was measured in connection with a study 


! 
metallic 


r the physical nature of metallic phases. Among 
were TiB., ZrBs, 
Pre. 


that the co- 


investigated 
CeB,, NBd,, 


It was observed 


the compounds 

10.B., VB,, 
Mo.C and V¢ 
efficic f the thermoelectromotive force of the 
bor in that of the carbides, and that 
the coefficient of and 


the d level of the metal becomes filled. 


IS lowe tn 
both borides carbides 
decreases as 
An interpretation of this regular dependence is 
proposed 

Intelligence 


F-TS-9800, \ 


Tech. Center Translation 


is available. 


973. SaLKovitz, E. Il. and Kammer, E. W, 
Thermoelectric power of dilute indium tin alloys. 
tm. Phys. Soc. Bull. 2: 339, 1957. 

Abstract only 

“Concerns measurements made on a series of 
dilute indium-tin alloys from 77K to room 
temperature. For alloys containing 1-5 atomic 
percent tin or less the thermal emf’s measured 
pure indium go through minima 
followed by maxima, the magnitudes of which 
depend upon composition. Alloys richer in tin, 
up to at least 2-9 atomic per cent, do not show the 
minima but do show the maxima. At 77 K the 
relative thermoelectric power is approximately 
linear with composition. As the temperature is 
raised, however, the thermoelectric power 
through a minimum. The higher the temperature, 
the higher is the tin composition at which the 
minimum occurs. In making the measurements 
considerable care has been exercised to avoid the 
effect of tension upon the samples, which are very 
soft. In some cases the tension coefficient of the 
thermoelectric power has actually been measured 
and found to be significant.”’ Entire item quoted. 


relative to 


goes 


974. Sasaki, W. and Kuno, M. On the effective 
mass of the conduction electron in germanium. 
Phys. Soc. Japan J. 8: 791-792, Nov./Dec. 1953. 

Determinations based on Hall effect and 
thermoelectric measurements on n-type single 
crystals are tabulated and compared with results 
obtained by Debye and Conwell. 


975. SASAKI, W., SAKAMOTO, N. and Kuno, M. 
Some electrical properties of aluminium antimonide. 
Phys. Soc. Japan J. 9: 650-651, 1954. 

AISb ingot prepared by fusion of equimolar 
quantities of Al and Sb, and purified by passing 
four molten zones in an argon atmosphere. Due to 
evaporation of Sb during zone refining, the Al, 
component is probably in excess near the tail of 
the ingot. Specimens cut and examined for elec- 
trical homogeneity. The Te power can be calculated 


from the Hall data when a model is proposed for 
the energy bands and the scattering process of the 
charge carriers of the semiconductor. The scat- 
tering of the points on the plot is caused either 
by lattice vibrations or by the ionised impurities, 
lie between the two curves drawn 


and they 


corresponding to these two causes. 


976. Sato, T. Effects of the transformation pro- 
cess on the thermoelectric power of the superlattice 
alloy Cu,Au. Phys. Soc. Japan J. 5: 268-272, 
Jlv./Aug. 1950. 

Pure Au and electrolytic Cu were melted to- 
gether in a graphite tube and cast in to a wire 
1 mm diameter and t cm long which was annealed 
at 800 C for 2 
hours. Resistance of the specimens was measured 
and using a current- 


From changes of resistance 


hours and slowly cooled for 15 
during heating cooling 
potential method 
during heating and cooling the transformation 
temperature was found to lie between 375 and 
392 C. The thermoelectric power against Pt was 


measured (value between 20 and 25 uV deg-'C) 
and showed a maximum between 390 and 400 C. 


The peaks correspond to the anomalous resistance 


region just above the transformation temperature. 
The sign of the absolute thermoelectric power of 
the Cu,Au superlattice alloy is positive in both 
ordered and disordered states, which result is not 
consistent with the sign of the Hall coefficient 
The results are discussed in terms of zone theory. 


SATO, TAKAO and NOGUCHI, SEIICHIRO. 
Note on some properties of gamma-brass. P/iys. Soc. 
Japan J. 12: 335-338, 1957. 

Resistivity, Hall coefficient, thermoelectric 
power, and magnetoresistance were measured for 
brasses with 31-5, 33-3, 35-3, 38-0, and 41°6°, Cu. 
A minimum was observed in the resistivity at 34°. 
The Hall coefficient, thermoelectric power, and 
magnetoresistance were found to be comparable 
with metals. The discussed and 
compared with Bi. 


978. Sato, T. 
properties of bismuth. P/iys. Soc. 
127, Mar./Apr. 1951. 

Note: Experimental results on the thermo- 
electric power, and its variation with temperature, 
of pure Bi and of Bi containing 0-2 atomic-°, of 
Sn, are reported. The value for Bi is about twice 
that for the alloy over the temperature range 
0-200°C, the room temperature values are 0-06 
and 0:16 mV/°C, and each material shows a 
maximum value at about 50°C. 


Q77 


results are 


Notes on the thermoelectric 
Japan J. 6: 125 


979. Sato, ToMOO; KANEKO, Hipro and Supo, 
Hamime. Physical and chemical properties of 
malleable titanium. Tohoku Univ. Res. Inst. 
Vineral Dressing Met., Bull. 8: 105-107, 1952. 

Not examined. 

“The sample of malleable pure Ti was prepared 
by Hunter’s method and its physical properties, 
such as specific gravity, hardness, tensile strength, 
elongation, recrystallisation temperature, trans- 
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formation point, lattice constant, specific heat, 
expansion coefficient, thermal conductivity, elec- 
trical conductivity and thermoelectromotive force, 
examine the previously 

corrosion 


were measured to 

published data. The 
that Ti was highly resistant to 
ordinary reagents but 
with HC] and HF solutions. 
tests showed that Ti was easily made passive in 
phosphoric acid solution.” Chem. Abs. 49: 6061, 


1955. 


tests showed 
corrosion with 
was especially corroded 


The electrochemical 


980. Sato, T. 
of intermediate composition. 1. 
6: 223-227, Jly./Aug. 1951. 

Measurements were made on both 
and quenched specimens of the variation with 
temperature T both of the electrical! resistance R of 
alloys of 47 and of 50 at. Mn, and of the 
thermoelectric power against Pt of 47 at. °, alloys. 
Results are presented graphically. The difference 
in R at room temperature between quenched and 


Some properties of NiMn alloys 
Phys. Soc. Japan. J. 


annealed 


annealed specimens is very small for 47 at. °% 
alloys, but for 50 at. °, R (quenched) ~ 1:8 R 
(annealed). All specimens show a large and nega- 
tive temperature coefficient of resistance and an 
anomalous behaviour in the thermoelectric power 
in the T range ~ 500—700°C. This is thought to be 
due to some electronic feature of the a~B Mn 
transformation (T7, ~ 700 C) still remaining in the 
alloys of Mn with Ni, although these themselves 
show no structural changes in the temperature 
range studied. 


981. Sato, T. Thermoelectric properties of Bi, 
Phys. Soc. Japan. J. 6: 125-127, Mar./Apr. 1951. 

Variation with temperature of dE/dT, of pure Bi, 
and Bi containing 0-2 atomic °, of Sn. The value 
for Bi is about twice that for the alloy from 
0-200 C. Room temperature values are 0-06 and 
0-16 mV/ C, and each shows maximum value at 
about 50°C. 


982. SATTERTHWAITE, C. B. and Ure, R. W., JR. 
Electrical and thermal properties of Bi,Te,. P/ys. 
Rev. 108: 1164-1170, Dec. 1, 1957. 

From thermal conductivity measurements over 
the temperature range 77-380 K, the lattice con- 
ductivity was found. The sharp rise in the thermal 
conductivity at room temperature was attributed 
to transport of energy by ambipolar diffusion of 
electrons and holes. 


983. SAVORNIN, JEAN and SAVORNIN, FRANCE. 
Contribution to the study of the thermoelectric 
properties of thin aluminium films. /. Phys. et 
Radium. 17: 283-286, Mar. 1956. 

In French. 

The thermoelectric properties of thin aluminium 
films evaporated on glass bases have been studied. 
The junctions of two constantan-copper thermo- 
couples have been fastened on both ends of the 
layer; a potentiometer indicates the emf of the 
aluminium-copper thermocouple. The samples 
h icker than 100 millimicrons show about the 


same thermoelectric power as the massive metal 
itself. A  non-important “thermal evolution” 
sometimes appears. The thermoelectric voltage of 
films, the thickness of which is comprised between 
10 and 100 millimicrons, rises suddenly up to 
0-1 V, for temperatures increasing with the thick- 
ness of the sample. A similar rise is observed when 
the thin film is connected to silver wires. 


984. SAVORNIN, JEAN and SAVORNIN, FRANCE. 
Discontinuities in the thermoelectric properties of 
thin metallic films. Acad. Sci. Paris. Compt. Rend. 
240: 850-852, Feb. 21, 1955. 

In French. 

Continuing previous work the thermoelectric 
power of thin films of aluminium was studied. As 
the temperature of the hot junction was raised the 
film gave the same results as a thick sheet up to 
about 100 C, after which the thermoelectric power 
increases rapidiy. On lowering the temperature and 
repeating the experiment, the temperature at which 
the abnormal increase set in usually became 
progressively higher. Though the experiments were 
conducted in air, there is reason to think the effect 
is not due to oxidation. Further work is in progress. 


985. SAVORNIN, FRANCE. Effect of thickness on 
the resistivity and the thermoelectric power of 
thin cobalt films. Acad. Sci. Paris. Compt. Rend. 
246: 2866-2869, May 19, 1958. 

In French. 


Thin layers of cobalt were prepared by thermal 
evaporation in vaccum on glass backing at room 


temperature or at 175 C. The resistance was 
measured at room temperature as a function of the 
thickness of the cobalt film, and it was found that 
the resistance decreases when the thickness in- 
creases and is stabilised at a film thickness of about 
200 to 300 A. The thermoelectric capacity varies 
with the thickness, increasing with the thickness 
and passing through a maximum. 


986. SAVORNIN, FRANCE. Influence de V’'espaisseur 
sur la force electromotrice thermoelectrique de 
lames minces d’aluminum et de cobalt. (Effect of 
thickness on the electromotive thermoelectric force 
of thin aluminium and cobalt films.) Acad. Sci. Paris. 
Compt. Rend. 245: 147-149, Jly. 8, 1957. 

In French. 

Studies of vapour-deposited Al and Co films. 
The thermoelectric forces were increased by 
oxidation of the metal. Effect of oxidation was 
much smaller on the Co coatings. 


987. SAVORNIN, JEAN and SAVORNIN, FRANCE. 
The sign of the thermal emf of silicon. Acad. Sci. 
Paris. Compt. Rend. 234: 2165-2167, May 26, 1952. 

In French. 

Experiments carried out on small bars of Si 
Si, Al, Fe), with Cu and con- 
stantan contacts at the ends, show that the thermal 
emf of Si with respect to Cu is positive, not nega- 
tive, as given in tables of physical constants. 
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For a Si-Pb couple the thermal emf is 408u.V/1°C, 
as against 80uV/1 C for a Pb—Bi couple. 

988. SAVORNIN, JEAN and PoGGr. A. Au sujet 
des proprietes thermoelectriques du bismuth. 
(On the subject of the thermoelectric properties of 
bismuth). Acad. Sci. Paris, Compt. Rend. 238: 
656. 1954. 

In French 

The thermoeleciric Bi Cu 


decreases monotonically with increasing tempera- 


power of couples 


ture in the range 10 to 230 C. The value is of order 

60-70 10-° volts/degree and is independent of 

the temperature difference used in the measure- 

ments. 

FRANCE. 
silicon. 

465-467, 


SAVORNIN, 
p-type 


235 


SAVORNIN, JEAN and 
measurements on 


Compt. Rend 


O89 
Thermoelectric 
tcad. Sci. Paris 
Aug. 18, 1952 

In French. 

The thermoelectric power, positive with respect 
is about 700uv/1 C for material of purity 

falling to about $50uv/1-C for 99-4°, 
and rising again to 590uv/I C for 98°, 


to Cu 
99 -85° 
purity 
purity. 

990. SAVORNIN, JEAN and SAVORNIN, FRANCE. 
Thermoelectric power for very small differences of 
temperature. Acad. Sci. Paris. Compt. Rend. 236: 
898-900, Mar. 2, 1953. 

In French. 

Measurements of the thermoelectric power 
dE/dT of a sample of p-type Si at temperatures 
near 15 ¢ 
show that the values obtained are constant, even 
when dT is as low as 0-01 . This result differs 
from that of Sato for a semiconducting Bi-Sn 
alloy, for which dE/dT for a temperature difference 
of 0-5 was only 75°, of the value for a difference of 


, with progressively smaller values of dT, 


991. SAVORNIN, JEAN and CoucueTt, G. The 
thermoelectric power of aluminum in thin films. 
fcad. Sci. Paris. Compt. Rend. 234: 1608-1610, 
Apr. 16, 1952. 

In French. 

The thermoelectric couple consisted of a Cu 
wire and a film of Al vaporised on to a sheet of 
glass in vacuo. The cold junction was at 0°C and 
the hot junction at temperatures varying from 15°C 
to 300°C. The thermoelectric power was found to 
be independent of thickness in the range 10mu to 
lu. The value was 4:00 — 0:10 uV/ CatOC. 


992. SAVORNIN, JEAN and SAVORNIN, FRANCE. 
Thermoelectric properties of silicon and bismuth. 
Compt. Rend. 79th Congr. Soc. Savantes Paris et 
Depts., Sect. Sci., Alger. 1954, 0. 39-43. 

Not examined. 

“The thermoelectric power of Si between 
0-325 was investigated. At 20° the thermoelectric 
capacity of p Si 600 wuV/degrees. 
The thermoelectric capacity of p Si was measured 
for small variations of temperature and compared 
with that of Bi semiconductors. For both Si—Cu 


exceeds 


and Bi-Cu the thermoelectric capacity is independ- 
ent of the temperature difference. Measurements 
were also made of the thermoelectric capacity of the 
Bi-Cu couple at temperaiures from 0-220. The 
results agree with those of other authors.”” Chem. 
ibs. 51: 10222, 1957. 


993. SAVORNIN, FRANCE. The thermoelectric 
electromotive force of very thin aluminum foils 
under vacuum. Acad. Sci. Paris. Compt. Rend. 242: 
1969-1971, 1956. 

In French. 

A special apparatus was constructed to measure 
the emf of the following couples: (1) Ag/thin Al 
foil Ag and (2) Ag/constantan/Ag. The thin Ag 
foil was placed in a small furnace and the resistance 
of the foil in circuit (1) was measured. Then the 
extremity of the foil was heated to above 200 
and simultaneously the emf of the couples were 
measured potentiometrically. A table shows the 
emf to be independent of the weight of the foil 
tested unless the temperature of testing is above 


200 . 


994. SCHILLING, H. Measurements of the thermo- 
electric power of copper oxide (Cu.QO) in the single 
phase region. Ann. Physik. 16: 84-92, 1955. 

Reports measurements between 500° and 1025 °C 
and at O, pressures between 100 and 4 10-> mm. 
Hg. The measurements show the oxide to be a 
defect conductor over the whole range. 


995. SCHMIDT, HANS-EBERHARD. Leitfaehigheit 
und hallkonstante. IX. Eine methode zur getrennten 
bestimmung der dichte und beweglichkeit von 
ladungstraegern verschiedenen vorzeichens in metal- 
len. (Electrical conductivity and the Hall co- 
efficient. IX. A method for the separate determina- 
tion of density and mobility of the charge carriers 
of different sign in metals). Z. Metal/k. 49: 113-123, 
Mar. 1958. 

In German, 

Measurements of electrical conductivity, Hall 
coefficient, absolute thermoelectric power, and 
Ettingshausen-Nernst coefficient in Ag-Pd, Cu—Ni, 
Cu-—Au, and Ni-Cr alloys. 


996. SEMENKOVICH, S. A. and AsTAsHEv, N. N. 
Vozgonka tellura. (Sublimation of tellurium). 
Zhurn. Tekh. Fiz. 28: 725-732, Apr. 1958. 

In Russian. 

Translation appears in Infosearch Tech. Lit. 
Info. Serv. Russian Lit. Survey SEM-5-58, p. 8-1- 

A simple procedure for purifying crude tellurium 
(98 -5-99-0°, TE) by sublimation (0-3-0-7 kg/hr 
in 1-5-2-5 kg batches) is described. The purified 
tellurium may be used for thermoelements. 


997. SEKIGUCHI, TOSHIYUKI. Physical properties 
of selenium. III. Thermoelectric power. Kagaku 
Kenkyusho Hokoku. 32: 191-196, 1956. 

In Japanese. Not examined. 

“Thermoelectric power of microcrystalline 
hexagonal Se and its temperature dependence 
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were observed. Applying these values to usual 
formulas, S. calculated the d. of charge carriers 
(pos. holes) at each temperature. The d. of holes 
decreased with rise in temperature in the tempera- 
ture region from room temperature to about 70°. 
This caused a decrease in conductivity with rising 
temperature. The results show that the impurity 
levels of hexagonal Se are already totally ionised 
at room temperature and are due principally not 
defects.” 


impurities but to lattice 


§2: 19, 1958. 


to chemical 
Chem. Abs. 


anomalous 
Vetal- 


998. SEMENOVA, N. V. QOn_ the 
electric conductivity of Ni,Cr. Fiz. Met. i 
loved. 6: 1017-1026, 1958. 

In Russian. 

The microstructure, volume alterations lattice, 
period, thermoelectromotive forces, and harness 
of Michrome alloys of various thermal treatments 
were studied in order to determine the anomalous 


changes in the electric resistance of the alloys. The 


data obtained show that the structural process 
appearing in the binary Ni,Cr alloy and ternary 
Ni,(Cr, Mo) and Ni,(Cr, V) alloys at 400-500 C 
are followed by an increase of thermoelectromotive 
forces which leads to assumption that this struc- 
tural process is an atomic ordering not yet investi- 
gated in the transition group elements. 


999. SemiteTov, S. A. and PINsKEerR, Z. G. 
Electronographic investigation of the bismuth- 
selenium system of alloys. Akad. Nauk. SSSR. Dok. 
100: 1079-1082, 1955. 

In Russian. 

Two rhombohedral compounds, Bi,Se, and 
BiSe and a 3rd, fcc Bi,Se,, not previously reported, 
were identified, and lattice dimensions measured. 
Measurements of many electronograms indicate 
that dimensions of the unit cells vary within con- 
siderable limits. This is ascribed to formation of 
solid solutions with the components and it is 
surmised that the structures of Bi,Se,, Bi,;Se,, and 
BiSe differ only in the number of octahedral voids 
filled by, thus: (1) 2/3 of the voids filled by Bi 
atoms; (2) 3/4 of the voids filled. Special experi- 
ments indicate that this theory agrees with the 
facts that adding Bi expands the unit cells and 
addition of Se contracts them. 


1000. Semitetrov, S. A. Electronographic in- 
vestigation of the structure of sublimed films of the 
composition Bi-Se and Bi-Te. /nst. Krist. Akad. 
Nauk. SSSR. Trudy. 10: 76-83, 1954. 

In Russian. 

Electron diffraction studies of 10-° to 10-° cm. 
thick films on NaCl, mica, celluloid, or glass. 
Method of inclined texture was used. Rhombo- 
hedral phases Bi.Se,; and Bi,Se, and the cubic 
phase of BiSe occur in the Bi-Se system. Details 
are given of the structural parameters of the two 
systems. 

1001. Semitetov, S. A. and PrNnsker, Z. G. 
Oxidation of samples of Bi,Se, and Bi,Te, when 


annealed in air. Zhurn. Tekh. Fiz. 25: 2336-2338 
1955. 

In Russian. 

Annealing done at 200 ¢ 
Electronogram measurements indicate a decrease 


for up to 30 minutes. 


in the lattice period with increased time of heating, 
i.e., the solid solutions of Bi,(Se, O), and Bi(S, O) 
are formed. Similar observations were made on 
Bi,Te;. The (111) and (112) faces of BiO form 
parallel to the (0001) and (1120) faces of the 
decomposing B!.Tes. 

Thermoelectric properties 
Teor. Fiz. 


1002. Serova, F. G. 
of monovalent metals. Zhurn. Eksp. vy. 
19: 460-468, May 1949. 

In Russian. 

The Thomson coefficient p at high temperatures 
of Li and Na its calculated, considering the effect 
of electrons transported by a current of phonons: 
the substantially different kind of dependence of 
the mean free path of the electrons on the energy 
compared with that of free electrons is pointed out. 
A positive value of p is found, in agreement with 
the experimental data for Li. The calculations 
show that the positive value of p is due to the 
“transport” For Na the effect is not 
appreciable. 


effect. 


1003. SHaprRO, I. P. On the question of the 
thermoelectric power of selenium. Z/urn. Tekh. Fiz. 
21: 717-719, 1952. 

In Russian. 

Crystalline Se, heated from 18°C to 60°C, 
approximately doubled its thermoelectric power, 
which also fell to zero after 80 minutes in the 
presence of Hg vapour at 50 C. The cause of these 
phenomena is discussed. 


1004. SHaw, W. C., Hupson, D. E. and 
DANIELSON, G. C. Electrical properties of boron 
single crystals. Phys. Rev. 107: 419-427, Jly. 15, 
1957. 

Electrical resistivity, Hall coefficient, and thermo 
electric power of microscopic crystals were 
measured as a function of temperature. Rectifi- 
cation and photoconductivity effects were ob- 
served at room temperature. 


1005. SHIGETOMI, SHIGENOBU SIGEYASU, 
Mort. Electrical properties of Bi,Te,. Phys. Soc. 
Japan J. 11: 915-919, Sept. 1956. 

The conductivity, Hall coefficient and thermo- 
electric power of the compound Bi,Te, are 
measured over the temperature range from 100 K 
to 750°K. Specimens used show electrical conduc- 
tion of p-type at toom temperature and the hole 
mobility dependence is represented by the relation 
h 1-2 x 108T-***. It is found that the for- 
bidden energy gap Eg is 0:21 eV at 0 K and the 
effective masses of holes and electrons are, 
respectively, 1-26 m and 1-07 m, and the mobility 
ratio b is about 1-7. 


1006. SHIRAKAWA, Y., OHARA, T. and AMEMIYA, 
D. Thermocouples with non-linear characteristics 
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composed of Fe-Al-Cr and Cu-Ni alloys. Nippon 
Kinzoku. 20: 131-135, Mar. 1956. 

*Thermalemf’s were measured for Fe—Al, Fe—Cr, 
Fe-Al-Cr and Cu—Ni couples between 100 and 
800 C. A couple formed between Cu-1-94°, Ni 
and Fe-6:2°,, Al-0-94°,° Cr alloys has an emf which 
is almost zero between room temperature and 
400 C and then increases to 5-4 mV at 800 C.” 
J. Iron & Steel Inst. 191: 86, Jan. 1959. 


1007. SHTENBECK, M. and BaRANsku, P. I. 
Experimental study of the relationship between the 
Peltier effect and thermo-emf in germanium. 
Zhurn. Tekh. Fiz. 27: 233-237, Feb. 1957. 

In Russian. 

Translation in Soviet Phys. Tech. Phys. 2: 205 
209, Feb. 1957 

The results of experiments carried out at 
160-400 K on n- and p-type Ge confirmed the 
conclusions reached by the same authors in their 
Peltier coefficient P al 
(a thermo-emf, T absolute temperature) in 
the extrinsic range, while in the intrinsic range 
P aT, The specific heat, C, of the carrier (elec- 
tron and hole) gas determined from the data on 
P P(T), in contrast to data on @ a(T), was 
in good agreement with C of the classical ideal gas 

3/2k. 

1008. SHTENBECK, M. and Baransku, P. I. 
Investigation of Peltier effect and thermoelectro- 
motive forces in germanium. Z/urn. Tekh. Fiz. 26: 
683-685. Mar. 1956 

In Russian. 

Translation in Acad. Sci. USSR. Bull. Phys. Ser. 
20: 1368-1369, 1956. Also in Infosearch Tech. 
Lit. Info. Serv. Russian Lit. Survey SEM-1-56, 
p. 4°1-4°3. 

The fundamental equations (1) and (2) relating 
to the Peltier heat, Thomson coefficient and 
differential thermoemf to another do not 
necessarily follow from the first two laws of thermo- 
dynamics and therefore the first two of 
quantities cannot be determined uniquely from 
measured values of the thermo-emf. A method has 
been developed for direct measurement of the 
Peltizr heat at a Ge—-Cu contact. Some experi- 
mental curves are shown, and theoretical impli- 


earlier work. The 


one 


these 


cations are discussed. 


1009. SipyaAkin, V. G. Electrical properties of 
selenium with gold impurity. Sovier Phys. Solid 
State. 1: 1073-1075, Feb. 1960. 

Measurements of the thermoelectric 
showed that the conductivity in selenium with gold 
as an impurity is electronic in nature. Table 3, 
p. 1075, gives the thermoelectric power values at 
35 C. The value of the thermoelectric power a 
rises slightly with increase of temperature, but the 
temperature dependence of a is not affected by the 


power 


amount of gold in Se. 

1010. StLvERMAN, S. J. Electrical properties of 
single crystals and thin films of PbSe and PbTe. 
Phys. Rev. 94: 871-876, May 15, 1954. 


Comparison of electrical properties of single 
crystals and films; Hall constants and resistivities 
as functions of temperature between 77 and 300K: 
effects of experimental variables on carrier mobi- 
lities on thin films. 


1011. StNANiM, S. S. and Gorpyakova, G. N. 
Solid solutions of Bi,Te,-Bi,Se, as materials for 
thermoelements. Z/urn. Tekh. Fiz. 26: 2398-2399, 
1956. 

In Russian. 

Translation in Infosearch Tech. Lit. Info. Serv. 
Russian Lit. Survey SEM-2-57: 5-1—5-2, 1957. 

Briefly reports the results of an investigation of 
the thermoelectric properties of solid solutions 
based on two similar compounds, both in chemical 
and structural respect. 


1012. Single-crystal semiconductor. Engrs. Dig. 
20: A8, Jly. 1959. 

“Stated to have thermoelectric properties which 
can provide an economical means of producing 
electricity directly, a single-crystal semi- 
conductor of unspecified composition has been 
patented by Semi-Elements, Inc., of Saxonburgh, 
Pa. It is claimed that the material can be mass- 
produced in large sizes and that, at present, a 
-in. crystal is capable of producing a 25 mA at 
0-25 V at temperatures around 70°F, or more than 
100 mA at IV at 300 F. It is also stated that the 
new material can pass current in one direction and 


prevent it flowing in another without the need for 
any junction or special preparation.” Entire item 


quoted. 


1013. SKANAvI, G. L. and KASHTANOVA, A. M. 
The production of semiconducting ceramics based 
on WO, and a study of some of their electrical and 
thermal properties. Z/iuwrn. Tekh. Fiz. 25: 1883-1892, 
1955. 

In Russian. 

Trans. 59-10140 
Center, Special Libraries 
Library, Chicago, Ill. 

Specimens of fully sintered semiconducting cera- 
mics based on WO, have been obtained. The results 
of electrical and thermoelectric measurements as 
well as of determinations of the thermal conduc- 
tivity of these materials are reported. 


Translation 
Crerar 


available from 
Association, 


1014. SmitH, R. A. The electronic and optical 
properties of the lead sulphide group of semi- 
conductors. Physica. 20: 910-929, 1954. 

Also in Conference on Semiconductors, 
Amsterdam, 1954. Proceedings, p. 910-929. 

Measurement of thermoelectric and thermo- 
magnetic effects, p. 926-927. 


1015. SmMrrous, K. and Srorac, L. Feste 
Losungen von Bi.Te, und Sb,Te, als p-leitende 
werkstaffe fur halbleiter-thermoelemente. (Solid 
solutions of Bi,, Te, and Sb,Te, as p-conducting 
materials for semiconductor thermoelectric cells). 
Z. Naturforsch. 14a: 848-849, 1959. 


Abstracts 


In German. 

For English summary see Chem. Abs, 54: 5261, 
Mar. 25, 1960. Translation available from Asso- 
ciated Electrical Indus., Aldermaston, Berkshire, 
Eng. 


1016. SocuTiG, H. Untersuchungen an reinem 
chromim anomaliegebiet. Elektrischer und _ ther- 
mischer widerstand, thermokraft, waermetoenung, 
magnetische suszeptibilitaet und  gitterstruktur. 
(Investigations of pure chromium in the region of 
anomaly. Electric and thermal resistance, thermo- 
electric power, evolution of heat, magnetic sus- 
ceptibility and lattice structure). Ann. Physik. 38: 
97-120, 1940. 

In German. 

The thermal conductivity of pure Cr was 
determined by the stationary heat-flow method. 


1017. SoKo’skatA, I. L. On intermetallic alloys 
of platinum and gold with alkali and alkaline earth 
metals. Zhurn. Tekh. Fiz. 27: 127-129, 1957. 

In Russian. 

Translation in 
108-110, 1957. 

Electrical conductivity and and 
thermoelectric properties of the systems Na—Au, 
Na—Pt and Ba—Pt. 


Soviet Phys. Tech. Phys. 2: 


electrical 


1018. Stanford Research Institute, Menlo Park, 
Calif. Thermoelectric materials, by J. W. JOHNSON 
5 issues, 1959. (Bimon. Prog. Rept. 1, 2, 3, 4, 5) 
(Contract NObs-77017) (AD-212 673). 

Solid and liquid materials are to be evaluated for 
possible use as elements for thermoelectric 
generators. 


1019. Strauss, H. E. Electric and magnetic alloys. 
In U.S. Nav. Res. Lab. Rept. NRL. Lrog. p. 55, 
Aug. 1959. 

Concerns the locale of Peltier effects in thermo- 
elements. 


1020. Steece, M. C. Magnetic field dependence 
of the Seebeck effect in germanium. P/iys. Rev. 107: 
81-83, Jly. 1, 1957. 

The thermoelectric power (Seebeck effect) of 
n-type Ge singlecry stals, measured at 78-278 K, 
increased with the applied magnetic field, the 
maximum value of which was 11,500 Oe. This 
agrees with theoretical predictions and is consistent 
with a simplified model of a semiconductor. The 
absence of any magnetic field-dependence of the 
thermal conductivity confirms the results of 
previous workers. 


1021. Steete, M. C. Magnetic field dependence 
of the thermoelectric power of germanium. Semi- 
conductor Abs. 4: 105, 1956. 

Abstract only of paper given at American Phy- 
sical Society Meeting, Washington, D.C., April 
26-28, 1956. 

“The thermoelectric power of an n-type Ge 
single crystal (10 ohm cm resistivity) has been 
measured at several temperatures as a function of 
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magnetic field strengths up to 11,5CO gauss. The 
heating current was parallel to a 111 axis, while H, 
applied magnetic field, was perpendicular to the 
heat current. At 78 K, Q, the thermoelectric power, 
increased in magnitude (became more negative 
for the n-type crystal used) from — 1990 to —2970 
microvolts/ K, as H went from 0 to 11,500 gauss. 
At low fields (up to about 2500 gauss), Q increased 
as H*, but at higher fields saturation effects 
became evident. Measurements at 236°K revealed 
an increase of only 2°% in Q for a field of 11,500 
gauss. These results are in keeping with a pheno- 
menological low field treatment of the effect which 
predicts that Q/Q,, the relative change in Q, 
should be proportional to (uH)*, where u is the 
mobility.” Entire item quoted. 


1022. Steece, M. C. and BaABIskINn, J. Oscillatory 
thermomagnetic properties of a bismuth single 
crystal at liquid helium temperatures. P/iys. Rev. 98: 
359-367, 1955. 

TE power, thermal conductivity and electrical 
resistance measured on a Bi single crystal in 
magnetic fields up to 13 kilogausses at liquid He 
temperatures. The results for two newly dis- 
covered effects, the oscillatory magnetic field 
dependence of both the TE power and the thermal 
conductivity are presented in detail. Temperature 
and field dependence of the amplitude of oscillatory 
effects are discussed. 


1023. Steece, M. C. and Rosi, F. D. Thermal 
conductivity and thermoelectric power of germanium 
silicon alloys. J. Appl. Phys. 29: 1517-1520, figs., 
Nov. 1958. 

Thermal conductivity measurements have been 
made on a series of germanium-silicon alloys. 
At 300K for an alloy containing 56 atomic 
percent Si, the thermal conductivity was found 
to be six times smaller than the value for pure Ge 
Measurements of the thermoelectric power on 
some alloys are also reported. It is then shown that 
solid-solution alloying can significantly increase 
the figure of merit of thermoelectric materials. 


1024. SrePHENS, E. The Hall effect, electrical 
conductivity, and thermoelectric power of the lead- 
antimony series of alloys. Phi/. Mag. 9: 547-560, 
1930. 

The thermoelectric power with respect to lead 
of antimony—lead alloy varies with its composition 
between zero and 40 microvolts per degree 
centigrade. Thermo-emf of Sb with respect to Cu 
is 38 V/-C. Also, has resistivity tables for alloys 
before and after annealing. Annealing produces a 
diminution in resistivity of all the alloys. 


1025. Stone, B. and Hitt, D. Preparation and 
semiconducting properties of single crystal boron 
phosphide. Am. Phys. Soc. Bull. 4: 408, Nov. 27, 
1959. 

Abstract of paper. 

Thermoelectric power measurements show that 
both n- and p-type material has been prepared. 
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Measurements of Hall coefficient on p-type 
material indicate a carrier concentration of about 


carriers/cm 


YANG, LING, and 
Measurement of the thermoelectric 
power on molten sulfide-solid tungsten 
thermocouples. Am. Inst. Mining Engrs. Met. Soc. 


Trans. 218: 879-880. Oct. 1959. 


1026. STONEBURNER, D. I 
DerRGE, G. 


several 


Chermoe power of copper sulfide (nomi- 
lly stoichiometric), copper sulfide (copper rich), 
ron sulfide (iron rich), silver sulfide, and lead 


sulfide is shown in table | 
HASUMASA: ENDO, SHIGEAKI, 
Thermoelectric power of silver 
chloride. Phys. Soc. Japan. J. 14: 729-731, 1959. 
Thermoelectric power of AgCl with 
CdCl, concentrations of 0-008, 0-022, 0-068, 0-16, 
and 0-20 Results in 
mv/degree for temperatures to 440° agree well with 


1027. SUZUKI, 


and HAGA, 


dope d 


mole was measured. 


theory 

1028. SuGe, Yosuio and Aoki, MASAHARU. 
The thermoelectric properties of bismuth telluride. 
Ovo Butsuri. 27: 767, 1958. 

Not examined. 

“By use of impurity-doped n-type and p-type 
Bi,Te, a temperature difference 72:2> was attained 
through 


with the warm junction held at 51:1 


application of the optimum intensity of the electric 


The thermo-emf of the sample used was 
microv./degree, its 


current. 
194 micro/degree, 174 
electric conductivity 770 ohm-! -cm.-', 1430 
ohm.-'. cm.-!, its thermal conductivity 0-019 
W./cm.-degree, 0-021 W ./cm.-degree for the p -and 
n-type, respectively.” Chem. Abs. 53: 6779, 1959. 

1029. Tauc, JAN and Matyas, The 
electric and thermoelectric properties of indium 
antimonide. Czechoslov. J. Phys. 5: 369-383, 1955. 

In Russian. 

Translation no. tr. 
Atomic Energy Commission. 

The electrical conductivity, Hall 
and thermoelectric power are reported as functions 
of temperature for p-type crystals made by refining, 
and for n-type specimens made by doping p-type 
crystals with Se. Results in general agree with those 
obtained elsewhere. The position of the Fermi 
level is obtained from an analysis of thermo- 
electric data. The n-type samples are degenerate 
over the whole temperature range; the p-type 
samples at high temperatures (when intrinsic). 


3510 available from the 


constant, 


1030. TANuUMA, Low temperature 
thermoelectric power of Cu-Mn alloys. Phys. Soc. 
Japan. J. 14: 541, Apr. 1959. 

Reports measurements to verify fact that dilute 
alloys of copper with manganese show a minimum 
in the resistance—temperature curve in the low 
temperature region followed by a maximum in the 
lower temperatures, and suggests that perhaps the 


complicating factor entering into the nature of the 
resistance minimum in CuMn alloys is related to 
the magnetic properties of solute ions in this alloy. 


1031. TANUMA, Seucut. The effects of thermally 
produced lattice defects on the electrical properties 
of tellurium. Tohoku Univ. Res. Inst. Sci. Rpt. Ser. 
A6: 159-171, 1954. 

Electrical conductivity and Hall effect measure- 
ments used for investigation of composite semi- 
conductors. The width of the forbidden energy 
band E, the effective masses of electrons and holes, 
Me and m), and the carrier mobilities due to lattice 
scattering were determined. The reversals of the 
Hall effect and TE power found in the pure in- 
trinsic region are explained by the predominance 
of holes released from lattice defects. Their con- 
centration increases with the rise of temperature. 


1032. Tauts, A. Thermoelectric phenomena in 
semiconductors with non-uniform charge carrier 
concentration. Akad. Nauk. SSSR. Izvest. Ser. Fiz. 
20: 1357-1360. 1956. 

In Russian. 

Thermal emf measured on a Ge single-crystal 
surface with a W point is quite different from theemf 
measured with flat electrodes because in this case a 
nonuniform distribution of holes tends to change 
the sign of the charge on the point contact. In 
this case the nonuniform distribution is due to a 
temperature gradient. In the region of the tem- 
perature drop the concentration of minority 
carriers is a nonequilibrium value which leads to a 
further correction for the observed emf. An 
experimental installation is described to determine 
the emf dependence on temperature gradient in 
Ge single crystals. A nonuniform hole concen- 
tration can also be produced by illumination. If 
illumination is combined with a_ temperature 
gradient, a new effect (‘thermal photoeffect’’) is 
obtained. A photovoltaic voltage is obtained from 
a semiconductor in which a temperature gradient 
is produced. 

English version with title thermoelectric effects 
in semiconductors with nonequilibrium current- 
carrier concentrations appears in Acad. Sci. USSR. 
Bull. Phys. Ser. 20: 1357-1360, 1956. 


1033. Taytor, J. C. and Coes, B. R. Thermo- 
electric power in palladium-silver and palladium- 
rhodium alloys. Phys. Rev. 102: 27-30, Apr. 1, 
1956. 

TE power of Pd-Ag alloys was found highly 
sensitive to presence of unoccupied d-band states 
in range 77° to 273°K.; marked variation with 
composition was found in alloys with more than 
90°, of either element; also, measurements on 
Pd—rich Pd—Rh alloys. 


1034. Tetkes, Maria. Materials for solar 
thermoelectric converters. Conf. Uses Solar Energy 
Tucson, 1955, Trans. 5: 1-7, 1958. 

The efficiencies of thermoelectric generators of 
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various thermoelectric materials are reviewed. 
Experimental results are tabulated on measure- 
ments of thermoelectric power, open-circuit emf, 
and observed and calculated efficiencies of three 
thermocouple combinations over the temperature 
ranges (T},-T,, C) of 100-20, 200-20, and 400-20. 
The thermocouples are Chromel P-Constantan, 
ZnSb (Sn. Ag, Bi)-Constantan, and ZnSb (Sn, Ag, 
Bi)—91 Bi 9 Sb. The last couple produced the 
greatest efficiency. 3-4°, for a 180 temperature 
differential. 


1035. Maria. Thermoelectric alloy. 
U.S. Patent no. 2,366,881, Jan. 9, 1945. 

Addition of tin and silver in accurately con- 
trolled amounts to a zinc-antimony alloy of the 
approximate composition 35°, Zn and 65°, Sb. 


1036. Te_kes, Marta. Thermoelectric power and 
electric conductivity of lead sulfide. /n Conference 
on Physical Electronics. Report on Tenth Annual 
Conference, March 30, 31 and April 1, 1950 at 
the Massachusetts Institute of Technology, 
p. 52-55, Cambridge, Mass, 1950. 

Reports a study of thermoelectric power and 
electric conductivity of lead sulfide on thin films 
used in photoconductivity cells. 


1037. Tellurium compounds for semiconductors. 
Electron. 32: 68, 70-71, Mar. 6, 1959. 

Refers to recent work at Batelle which has shown 
some “interesting characteristics” for tellurium 
compounds. 

1038. TeENNeRY, V. J. Investigation of rare earth 
doped barium titanate. Dissertation Abs. 20: 1708, 
1959. 

Ph.D. dissertation, University of Illinois, 1959. 

The effect upon the D.C. resistivity of barium 
titanate of additions of from 0-0015 to 0-0030 mole 
fraction of rare earth oxide was _ investigated. 
Thermoelectric probe measurements indicated that 
materials used, i.e., samarium, gadolium and 
holmium were n-type in the tetragonal phase. 
Thermoelectric power measurements were made by 
the difference method on the pure titanate and a 
representative gadolinium-doped sample as a 
function of temperature. At the tetragonal-cubic 
transition the semiconducting material changes 
from n-type to p-type. The sharp increase in resi- 
stivity is thus due to a decrease in the mobility of 
the electrons donated by the rare earth impurity 
to the titanium sub-lattice. A mechanism is pro- 
posed to explain this behaviour, wherein the excess 
electrons become trapped on a particular titanium 
ion when the material becomes cubic. As a result 
the Ti +-* ions then act as acceptors and introduce 
holes in the band structure which act as the charge 
carriers in the cubic phase. No measurable thermo- 
electric power was observed in the pure titanate. 
The thermoelectric power of the doped material is 
approximately 700 °C in the tetragonal phase. 


1039. Topao, F. and Seucui, T. Thermoelectric 
power of nonpolar semiconductor e.g., Te crystals. 


Tohoku, Univ. Res. Inst. Sci. Rpt. Ser. A. 4: ° 
1952. 

Primarily theoretical. 

1040. Tomascnu, W. J. Structure in the thermo- 
electric power of dilute indium-lead alloys. P/iys. 
Rev. 109: 69, Jan. 1, 1958. 

Liquid N and ice temperature measurements of 
the thermoelectric power of dilute In-Pb alloys 
indicate that there is detailed structure super- 
imposed on the smooth trend of the data. 

1041. Tomascn, W. J. and Rerrz, J. R. Thermo- 
electric power of dilute indium-lead and indium- 
thallium alloys. P/iyy. Rev. 111: 757-764, Aug. 1, 
1958. 

The investigation included 22 In-Pb alloys and 
13 In-Tl alloys. For the In—Pb alloys, the existence 
of structure at both 273° and 77 K is reaffirmed. 
On the other hand, the thermoelectric power of the 
In-Tl system is found to be an extremely smooth 
function composition in the same range of solute 
concentration. As a consequence, it is concluded 
that the observed structure in In-Pb is due ex- 
clusively to changes in electronic concentration 
brought about by alloying. 


1042. Toyopa, H. Electrical properties of 


Carbon. Tanso (Carbons). 2: 224-232, 1952. 

In Japanese. Not examined. 

“The electrical resistance and the thermoelectric 
power of microphone C, made from anthracite or 
phenol-formaldehyde resin, were measured be- 


tween 20 and 360°C. The resistance at 30°C varies 
depending on the baking temperature. For 
anthracite C, the resistance is 0-0086 ohm-cm, 
0-013, 0-047, 0:39, 5-5, 1-5 10° and 5 104 for 
temperatures of 1000, 900, 800, 700, 650, 600 and 
500 C, respectively. A similar change was measured 
for resin C. The temperature variation of resistance 
for anthracite carbon follows that for a semi- 
conductor with the activation energy 0-013 e.v. 
(1000 C), 0:046 (800 C), 0-15 (700 C), 0-18 
(650 C), and 0-34-(600'C). The thermoelectric 
power also confirms the intrinsic semiconductive 
mechanism. The Hall constant was too small to 
measure. The energy-band scheme of C is dis- 
cussed.” (Semiconductor Abs. 3: 334, 1955). 

1043. Transitron Electronic Corp. Wakefield, 
Mass. Thermoelectric materials, January 4 
March 3, 1960. 12 p., Mar. 3, 1960. (Bimon. Prog. 
Rept. 1) (Contract NObs-78345). 

Purpose of this contract is to develop and 
evaluate thermoelectric power generation materials 
in particular metal silicides, for use at tempera- 
tures up to 1,000°C and higher. To this end 
methods have been developed for the production 
of such refractory alloys and for the measurement 
of their pertinent thermoelectric properties. 

Initial investigations have been in the direction 
of ternary additions to binary transitional silicides. 

1044. TsUBOKAWA, ICHIRO. The magnetic pro- 
perties of chromium-tellurium-selenium system. 
Phys. Soc. Japan J. 11: 612-665, June 1956. 
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Study of change in magnetic properties due to 
replacement of Te by Se in CrTe which has NiAs 
structure. Ferromagnetism observed in concen- 
tration range xX 0 to 0°8 in Cr (Te!-,Se,). 
Compounds outside this range are para- or anti- 
paramagnetic range of 
is found to be 
Curie-Weiss 


ferromagnetic. In the 
the Curie-Weiss law 
found that the 


independent of concentration in the 


temperature 

Is also 
constan 
neighbourhood of CrTe and CrSe respectively, 
and varies abruptly at the transition concentration 
A short 


ferro- to antiferromagnetic state. 


ission IS Sive 


from 


1045. Tsun, MIKIO. 


metals. Phys. Soc 


phenomena in 
13: 426, 


Transport 
monovalent Japan J. 
1958. 

Formulae were obtained for the elec- 
| conductivities and the absolute 


are approximately 


A note. 
trical and therma 
thermoelectric power which 
correct at all temperatures and for any concen- 
tration of impurities. The results are compared 
with those obtained by interpolation by Hanna 
and Sondheimer 


1046. W. W. Thermal 
electrical resistivity of graphite. P/iys 
870-875, Feb. 15, 1953. 


conductivity, 
Re 89 


Subject properties measured in the range 20° to 
300 K, for artificial extruded, material moulded, 
and lampblack graphite. Experimental results 
discussed in relation to theory. 


1047. Uspeconpe, A. R. and Orr, J. 
tropic thermoelectric effects in graphite. 
179: 193-194, Jan. 26, 1957. 

The thermoelectric power of graphite/copper 
along the c-axis is ~ 30 pV/°C and ~ 11 
along the a-axis. The form of the relation was 
confirmed up to 1200°C using “‘self-couples” 
between blocks cut along the a- and c-axes respec- 
tively and carrying out the measurements in a 


Aniso- 
Nature. 


reducing atmosphere. Oxygen had a marked effect 
on the values of thermoelectric power obtained. 


M. J. Chromium. V.1II. Metallurgy 
illus., New 


1048. Upy 
of Chromium and its Alloys. 402 p., 
York, Reinhold, 1956. 

Table 22.8. Thermoelectric power of chromium 


versus platinum, p. 107. 


1049. UKRAINSKY, YU. M., NovoseLova, A. V. 
and SIMANov, Yu. N. Investigation of the tantalum- 
tellurium system. Zhurn. Neorg. Khim. 4: 148-152, 
1959, 

In Russian. 

Ta-Te alloys were prepared by sintering mixtures 
of Ta(NB 0-3, Ti0-1°,) and Te (99-99 °°.) powders 
in sealed quartz ampoules at 800°C., and were 
examined by X-ray analysis and measurement of 
electrical conductivity (o) and thermo-emf (q@). 
Two compounds of variable composition are 
formed in the system; the a-phase TaTeo.,;- ;-2 
and the §-phase TaTe,.,;-2.9; there is also the 
compound TaTes, which has a tetragonal structure 
with lattice parameters a 11-8 kX, 


Z 4. The o/composition and a@/composition 
curves exhibit maxima and minima, respectively, 
at points corresponding to TaTes, the values of o 
and a@ show that TaTe, has semimetallic bands. 
There is a transformation in the a-phase at 840 C. 


1050. Union Carbide Corp. Parma Research 
Laboratory, Parma, Ohio. Thermoelectric 
materials. Nov. 28, 1959 to Jan. 28, 1960, 33 p., 
Feb. 15, 1960. (Bimon. Prog. Rept. 6) (Contract 
NObs-77066). 

The new method for production of rare earth 
nitrides described in the previous report is being 
successfully used in the preparation of a series 
of these compounds. Thus far, samarium nitride 
demonstrates the combination of chemical 
stability and reasonable semiconductor properties 
and will merit further studies. The rectangular 
bar method for measurement of thermal conduc- 
tivity of electrical conductive materials is being 
improved. Theoretical work on electronic 
perties of graphite has been carried to the point 
where it !s possible to calculate the high tempera- 
ture electrical resistivity and thermoelectric power 
of single crystals or well ordered graphiie filaments 
with good agreement with the experimental data 
available 


1051. Urxov, V. A. and ALEKSEYEVA, N. E. 
Thermoelectric properties of Cd-Sb alloys. Zhurn. 
Tekh. Fiz. 26: 911-912, 1956. 

In Russian. 

A null method was used to measure the thermal 
emf of Cd—Sb alloys relative to Cu for concen- 
trations of 0-100°, Sb at junction temperatures 
of 10 to 100°C. 


1052. U.S. Atomic Energy Commission, Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 
Solid state division annual progress report for 
period ending August 31, 1959. 227 p., Dec. I], 
1959. (ORNL-2829). 

Thermoelectric power in germanium. Report of 
progress on work undertaken by O. E. Schow, 
J. C. Pigg and C. C. Robinson. p. 129-131. 

1053. U.S. Atomic Energy Commission, 
Washington, D.C. The electrical properties of 
crystalline boron, by W. C. SHaw, D. E. Hupson 
and G. C. DANigELSON. 152 p., 1953. (Rept. ISC- 
380). 

Hall, thermoelectric and rectification studies 
showed that the purest specimens of crystalline B 
were predominantly p-type, but readily converted 
by heat-treatment to low-resistivity n-type crystals, 


1054. U.S. Atomic Energy Commission, 
Washington, D.C. Thermal and electrical pro- 
perties of graphite irradiated at temperatures from 
100 to 425K, by G. E. DeeGAn. 77 p., 1956. 
(Rpt. SR-1716). 

Data were obtained for the thermoelectric power 
and electrical and thermal conductivity of graphite 
as a function of several proton irradiations (0-65— 
30 u ah/sq.cm.) from 103 to 423°K. In general, 
irradiating at 300 K produced the same property 


best 


pro- 
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changes as irradiating at 103 K and then annealing 
to 300K. For exposures greater than 5-10 u 
ah/sq. cm., 423 K irradiations were appreciably 
less effective in producing property changes than 
100 K. irradiation plus 423°K annealing. In pulse 
annealing of samples irradiated at 103 K, it was 
found that recovery of all properties was very 
marked at about 150 K and higher when room 
temperature was attained. In pulse annealing to 
higher temperatures the strong recovery 
starting at about 400 K was attained. In comparing 
proton- with neutron-damaged samples, a corre- 
lation was found for the thermal and electrical 
conductivities but not for the thermoelectric 
power. 


state 


Commission, 
nuclear fuel 
DANKO 


1055. U.S. 
Washington, 


Atomic Energy 
D.C. Thermoelectric 


element annual progress report, by J. C. 

etal. 11 p., Apr. 15, 1959. (WCAP-1162). 
Discusses the preparation and thermoelectric 
roperties of mixed valence materials. 


1056. U.S. Atomic Energy Commission, 
Washington, D.C. Thermoelectric nuclear fuel 
element, by J. C. DANKO, ef al. 30 p., Jly. 10, 1959. 
(Rept. WCAP-1245) (Quart. Prog. Rept. 1). 

The radiation damage begins to anneal out for 
most materials reported on at fairly low tempera- 
tures as shown by the post-irradiation measure- 
ments. 


1057. Ust’yANov, V. I. The electrical properties 
of the system tin-antimony. Zhurn. Tekh. Fiz. 28: 
1190-1194, 1958. 

In Russian. 

The conductivities o, Hall constants R, and 
thermoelectric powers @ of five alloys made from 
purified Sn and Sb in the range 55-65 weight per- 
cent Sn were measured (R at 25°C; a and o, 
25-330 C). Some of the alloys were two-phase. 
Values of a up to 100 wV deg./ C were obtained. 
The number of carriers/cm* (~ 3 10°" electrons) 
diminished linearly with increasing Sb concen- 
tration. A qualitative interpretation of the results 
was attempted. 


1058. VACHENYA, S. A. and DORFMAN, YA. 
Thermoelectric properties of ferrites near curie 
temperatures. Radio Eng. & Electron. 2: 345-347, 
1957. 

Translation of Russian article in Radioelek. i 
Elektron. Describes method and results of an 
experimental investigation of thermo-emf near 
Curie point for nickel—zine ferrites. Anomalies in 
Peltier and Thomson effects were found. It is 
shown that in some semiconductors carrier 
electrons take part in ferromagnetism. 


1059. VAN Oouven, D.J. Thermoelectric power 
of cold-worked platinum between liquid-air and 
room temperature. App/. Sci. Res. 5B: 442-444, 
1956. 

Study in which 300-micron diameter platinum 
wires were vacuum annealed at 900°C and drawn 
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through dies at room temperature, after drawing 
they were annealed at 100°C; thermoelectric force 
of deformed wires against undeformed wire was 
measured as function of hot junction temperature 
with cold junction in liquid air; analysis of results. 


1060. VAN OoueNn, D. J. The thermoelectric 
power of copper, silver and gold after coldworking. 
126 p., Delft, Holland, Uitgeverij Excelsior, 1957. 
Thesis, University of Delft, 1956. 

Reports experiments on the change of the 
absolute thermoelectric power due to coldwork 
and increase of electrical resistivity. 

The thermoelectric power of Cu, Ag, and Au 
wires, which had been cold worked by drawing at 
room temperature was measured against un- 
deformed wires of the same material from liquid- 
thermoelectric power and of the resistivity was 
then followed through the recovery process brought 
about by slow annealing at various temperatures 
up to 100 C. The theory of the thermoelectric 
effects appropriate to the experiments is extended 
to cover the experimental conditions, and two 
independent electron-scattering mechanisms are 
considered. 

1061. VARCHENYA, S. A. and DorrMan, Y. G. 
Thermoelectric properties of ferrites in the range 
close to Curie temperature. Radioyekh. i Elektr. 2: 
345-347, Mar. 1957. 

In Russian. 

Translation in Radio 
(USSR). 2: 122-125, 1957. 

Ni-Zn ferrites with specific resistance 10°-107 
Qcm were examined. The Peltier and Thomson 
effects showed similar magnetic anomalies as 
found ‘n ferromagnetic metals. 

1062. VASENIN, and KONOvALOv, P. F. 
lonisation X-ray struciure investigation of bismuth 
telluride. Soviet Phys. Tech. Phys. 1: 1376-1833, 
Jly. 1956. 

English translation of Russian article appearing 
in Zhurn. Tekh. Fiz. 26: 1406-1414, Jly. 1956. 
(See item 1525). 

1063. VASENIN, F. I. Thermoelectric properties 
of antimony-tellurium alloys. Zhurn. Tekh. Fiz. 25: 
1190-1197, 1955. 

In Russian. 

The following results are tabulated in detail: 
(1) The electrical conductivity (o) and thermo-emf 
(a) were measured for 6 samples of Sb from 
various sources, each containing impurities (Fe, 
As, Cu, Pb, Co, Ni, S, Na, Au) measured to 
Q 10-°°/0. The best Sb available, and that which 
was used for the other experiments, had o 
26,000 cm.' and @ 31-6 V/°C. The Te 
showed on analysis traces only of Se. (2) Values of 
o and a are tabulated for 24 Sb-Te alloys with 
compn. between 1 and 100°% Sb, prepared in 3 
ways: cast, compressed from powder, annealed. 
Results (summarised below) are compared with 
results by Haken (Ann. Physik. 4: 312, 1910). 
(3) o and @ were measured for a further range of 
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samples with compn. close to Sb, Te,. Findings are 
that: (a) with increasing free-Te content, a@ falls 
slowly towards compn. Sb.Te,, dropping very 
sharply in the immediate neighbourhood of the 
stoichiometric compn.; meanwhile o increases 
steadily with no tendency to show a max. (both in 
contradiction with Haken’s impure 
materials). (b) the methods of powder met. make 


possible the development of homogeneous Sb-Te 


results on 


alloys having higher values of o and a@ (c) Sb-Te 
alloys made from pure materials acquire increased 
values of @ and slightly lower valuse of o on 
annealing at 400 ¢ The 
constant. (d) Addition of Pb lowers @ and raises 6, 
both for pure Sb and for Sb-Te alloys. (e) On 
the alloys in air, oxidation begins at 


(f) The melting point of Sb. Te, is 612 C. 


quantity @* remains 


heating 
~ 270 ¢ 


1064. VASENIN, F. I. Thermoelectric properties 
of systems containing bismuth-tellurium alloys. 
Zhurn. Tekh. Fiz. 25: 397-401, 1955. 

In Russian 

Translation available from M. Friedman. 
forty prepared. 
samples were also used and annealed 
pound Bi.Te, is 
power of 210 microvolt/C. 


Pr essed 
The com- 
thermoelectric 


Some alloys were 


p-type with a 
Excess Te produces 
n-type samples, which are influenced by annealing, 
thermoelectric conductivity is rather 
high, about 300 to 470 ohm-'cm-! for the com- 
pound, and around 1000 for the n-type alloy, 
depending upon annealing. 


maximum 


Kovomiets, B. T. 
Tekh. Fiz. 27: 


VENGEL’, T. N. and 
Zhurn. 


1065 
Vitreous semiconductors. 
2484-2491, Nov 

In Russian 
compounds the 


1957 


Eleven As.Ses- 
As.Te, have been investigated, and their photo- 


electric and thermoelectric properties are examined 


system 


in relation to their chemical composition. 


1066. Vipat, D 
the effect of time on reheating on the thermoelectric 
power of polycrystalline selenium. Acad. Sci. Paris. 
Rend. 247: 2109-2110, Dec. 10, 1958. 

In French 
For 99-995 urity the 


Compt 
thermoelectric power 
decrease ghily for about 
constant independent of further 
For 99°. purity the thermoelectric 
exponentially 


tempering times of 


| hr and then stays 
heat treatment 


power decreases approximately 
with increasing time of heat treatment, and tends 


to a value characteristic of the purer material. 


1067. VLAsova, M. and STIL’BANs, L. Thermo- 
electric properties of Bi-Te. Zhurn. Tekh. Fiz. 25 
569-576, 1955. 

In Russian. 

Report of an 
dependence of the thermo-emf, electrical conduc- 
tivity, concentration and mobility of current carrier 
of Bi.Te, on temperature and on departure from 
stoichiometric Composition. 


extensive investigation of the 


and GeorGces. Study of 


1068. VorGer, J. Further experimental in- 
vestigations on some ferromagnetic oxidic com- 
pounds of manganese with perovskite structure. 
Physica. 20: 49-66, Feb. 1954. 

Polycrystalline substances of the type La, 6Sr 
o MnO, were investigated. These are ferromagnetic 
semiconductors which exhibit some remarkable 
second-order effects related to the electrical con- 
ductivity. The Seebeck effect of various samples is 
roughly in agreement with certain basic ideas on 
conductivity in oxidic semiconductors. From Hall 
effect measurements no conclusions could be 
drawn except that the apparent electron mobility 
is extremely small. 

1069. VotGer, J. Some properties of (La, Sr) 
MnQ,. /n Semiconducting Materials, p. 162-171, 
London, Butterworths Scientific Publ. 1951. 

“As an example of the controlled-valency 
principle semiconducting ‘manganites’ in the form 
of polycrystalline products had been prepared by 
Jonker and van Santen. They also found that there 
exists a close relation between the resistivity p and 
ferromagnetism, the slope of the log p v1/T curve 
showing an anomaly at the Curie temperature. 
In a certain composition range, a positive tem- 
perature coefficient of p, of the same order as for 
metals, was found even below this temperature. 
More details on the conductive properties of the 
compounds are given, i.e. results on the frequency 
dependence of p, its dependence on voltage and 


applied magnetic field, and results concerning the 
Hall-effect and the thermoelectric force. The bulk 
effects will be 
ths. 54A: 7866, 1951. 


conductivity and second-order 
discussed.”” Sci. 

1070. WATANABE, H. and Tsuya, N. On the 
properties of chromium sulphides and iron sul- 
phides. Tohoku Univ. Res. Inst. Sci. Rpt. 2A: 
503-506, June 1950. 

Cr and Fe sulphides were prepared by sintering 
and their magnetic behaviour, electrical conduc- 
tivity and thermoelectric power, vs. temperature 
were studied. The experimental results were 
checked by natural pyrrhotite; these substances are 
more like metals than semiconductors. Their band 
picture as proposed by Hirone and Miyahara 
should be modified by assuming that the con- 
duction band overlaps the bands responsible for 
ferromagnetism. 

1071. Wernricu, O. A. and DANrorTtu, W. E. 
Electrical conduction and thermoelectric power in 
thorium oxide crystals. Phys. Rev. 91: 231, Sly. 1, 
1953. 

Abstract only. 

**Homogeneous crystalline specimens of thorium 
oxide were measured in different gas atmospheres 
and in vacuum. In all cases where a change is 
made from an oxygen atmosphere to a nonoxygen 
atmosphere (or vacuum) the conductivity de- 
creases. One, therefore, speculates that the 
material is a p-type conductor when in oxygen and 
in the temperature range concerned (700°- 
1000 C).” 


Absiracts 


1072. Weiss, H. Determination of the effective 
masses in InSb and InAs by measurement of the 
differential thermoelectric force. 7. Naturforsch. 
Ila: 131-138, Feb. 1956. 

In German. 

Results of measurements on three p-type and 
five n-type specimens of InAs and on two speci- 
mens of InSb indicate the following 
values: for InAs in the temperature range 500 
800 K, m, 0:064 my, Mp = 0°33 my; for InSb 
at 333 K, m, 0-037 Mo, Mp 0-18 m,. The 
effective electron mass in InSv increases with 
temperature and reaches 0-05 m, just below the 
melting point. 


p-type 


1073. Weiss, H. Thermospannung und waer- 
meleitung von ILl-V-berbindungen ihren 
mischkristallen. (Thermoelectric power and heat 
conduction of III-V compounds and their mixed 
crystals). Ann. Physik. 4: 121-131, Jly. 21, 1959. 

In German. 

For III-V compounds 
between the thermal conductivity and reciprocal 
thermal expansion coefficient. While the thermal 
conductivity of mixed crystals In (As, P}.,) shows 
a minimum value for y — 0-5, the electron mobility 
decreases monotonically from InAs to InP. At the 
same time electron and hole effective masses 
increase. This suggests that the mean free path of 
electrons is at least an order of magnitude greater 
han that for phonons. 


there is a_ relation 


1074. Wecker, H. and Weiss, H. Semiconductor 
compounds of predominantly homopolar character. 
Z. Metallk. 49: 563-570, Nov. 1958. 

In German. 

Predominantly homopolar semiconductors are 
considered and the pronounced rectifier and 
transistor effects, as well as thermoelectric and 
photoelectric effects, exhibited by compounds such 
as InSb are discussed. 


and Wotre, R. Three- 
Electron. 33: 


1075. Wernick, J. H. 
element semiconductor materials. 
103-108, illus., Feb. 12, 1960. 

Certain rules make it possible to predict new 
compounds. By way of summary and illustration, 
the prediction and investigation of the new ternary 
compound silver antimony telluride is described. 
Measurements of thermoelectric power were the 
first indication that AgSbTe, is a semiconductor. 
It is potentially useful for thermoelectric refri- 
geration and for power generation at moderate 
temperatures. 


1076. Westinghouse Research Laboratories: 
Pittsburgh, Pa. A study of several systems of the 
type Li, [Coy Nijj_,)] (1-x)° by W. D. JOHNSTON and 
R. C. Mitrer. 19 p., May 12, 1958. (Sci. Paper. 
431FD270-P2). 

Limited availability. 

Lithium substituted transition metal oxides may 
be of use as thermoelectric materials. In order to 
gain additional information as to the nature of the 


electrical conductivity process of these matcrials, 
the systems Li, Lix[Co,yMn 
(i-y)Ja-xy” and Li, [NiyZng-y)] (-x)? been 
studied. This paper deals with the preparation and 
crystallographic studied of these materials. 


have 


1077. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Methods and apparatus for mea- 
suring the figure of merit of thermoelements, by 
J. A. Cypuers. 21 p., illus., Nov. 24, 1958. (Res. 
Rpt. 8—1529-R23). 

Limited availability. 

Two ly methods for 


figure of merit of thermoelectric 


measuring the 
materials have 


been investigated in the course of testing a new 


Steady-state 


designed measuring apparatus. One of these is the 
well-known I method. The other, which is 
initially proposed herein, is a more rapid method 
to employ and is based on a principle differing 
from that used in the maximum T method. 
Results obtained by both methods are presented 
and compared. 

This report is a part of Westinghouse Thermo- 
Report 12 dated January 


electricity Progress 


1959. 

1078. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. 11 p., illus., 
Mar. 17, 1958. (Prog. Rept. 2). (Contract Nobs 
72361). (AD-213-743). 

Materials research is proceeding in two areas: 
(1) mixed valency, and (2) semiconductors and 
semi-metals. In addition, a strong programme is 
being set up to grow single crystals of some of the 
more promising and important materials. It is 
apparent that single crystal measurements are 
necessary in order to properly evaluate a material, 
although the final thermoelement may be poly- 
crystalline. 


1079. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. 26 p., illus., 
Apr. 14, 1958. (Prog. Rept. 3). (Contract Nobs 
72361). (AD-215-961). 

A survey is made of the properties and prepara- 
tion of materials pertinent to power generation and 
refrigeration by thermoelectric means. Mixed 
valence materials are analyzed by the investigation 
of Li,Mn,,O. Ferromagnetism did not set in 
within the solubility range (0 <0-35). Further 
investigation revealed that this material remained 
semiconducting over the whole range of Li 
concentration. Results were consistent to the 
extent that ferromagnetism and metallic type 
conductivity did not occur. In the systems studied 
with (Li > 1°), it is believed that the carriers are 
all essentially free from the Li-} at room tempera- 
ture and that the measured activation energy is 
mainly for mobility and not carrier formation. Two 


experiments are considered on the present model 
of charge carrier mobility. A free energy of activa- 
tion for mobility of the order of 10 kcal is indicated. 
The activation energy for conductivity is of the 
same order, so that the holes appear essentially free 
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at the temperature of the experiment. Some of the 
considerations for a mixed valence material having 
a high figure of merit are (1) heavy elements, (2) 
low crystallographic symmetry, (3) a large number 
of atoms/cell, (4) small mass doping constituents, 


and (5) controlled cation-anion overlap. 


1080. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermal electrical power. 
General theory, by CLARENCE ZENER. 7 p., Aug 

(Res. Rept. R-94460-2-0) 
Purpose of this report ts to evaluate the poten- 


tialities of obtaining electric power directly from a 


1952 


temperature difference, and to-indicate along which 
should search for better thermo- 
tric materials. In Section I the formal theory ts 
the efficiency of the thermoelectric sys- 
being obtained in terms of certain material 
found that even for the best 


at present, the efficiency of a 


lirections one 
reviewed 
tem 
parameters. It is 
known 
system is verv low, 
In Section IL an analysis 
the detatled 


materials 
thermoelectri at the order of 
percent 
ose characteristics of 
influences this 


naterial which 


efficiency suggestions are made as to which 
naterials si promise of a marked increase in 
concluded that a certain class of 


type of FeS, promise a sufficiently 


efficiency 
materials, of the 
warrant an experimental! 


high efficiency as to 


Westinghouse Electric Corp., Pittsburgh, 
Pa. Thermoelectric nuclear fuel element, by | 

F. L. CARTER ef al., 72 p., Feb. 13, 1959. (Quart 
Prog At(30-3)-500) 


s of potential thermoelectric materials 


s, has been included under material 
Work has been initiated on La, Ba,., 
riO,, and Al,Mg, all of 
Work has also been 
pervoskite, 
ontinued on CeS, and CeSe, type 
‘ypounds of the composition 
e 1-33 1-50 


tric property 


mat ials 


p-type 


were 
measurements 
revealed the 
ies of these materials to be too 
ctical. Some room-tempera- 
the CeS, and 
materials. The thermoelectric measure- 
a, Ba,., TiO an efficiency 
in be obtained at 400°C, and extra- 


, Should be possible 


‘ments were made on 


show that 


indicate that 6 
at 1000 C. The use of UO, as a thermoelectric 
Bonding 
» continued on Li,Ni,,.O type mater- 


ials. Experiments on Li,Ni,-,O-ceramic couples 


polated da 


material does not appear too attractive 


Studies 


indicated that ZrO., Al,O,, and MgO showed no 
reaction up to 1100°C, but SiO, forms a low- 
melting phase below this temperature. 

1082. Westinghouse Electric Corp., Pittsburgh, 
Pa. Thermoelectric nuclear fuel element. Annual 
Progress Report, by J. C. ef I11 p., 


April 15, 1959. (Rept. WCAP-—1162). (Contract 
AT(30—3)-S00). 

Reviews thermoelectric design considerations, 
preparation and thermoelectric properties of 
mixed valence materials; irradiation; fabrication; 
physical and chemical properties of thermo- 
electric materials; bonding and insulator studies; 
and measuring apparatus. 


1083. Westinghouse Electric Corp., Pittsburgh, 
Pa. Thermoelectric nuclear fuel element. 29 p., 
Jan. 10, 1960. (Quart. Prog. Rept. 3). (WCAP 
1376) 

Thermoelectric materials prepared for 
irradiation studies and fabrication studies. Tech- 
preparation of 


were 


niques were developed for the 
some uranium-bearing thermoelectric materials. 
Conclusions are listed concerning determination of 
the thermoelectric and physical properties of 
swaged GeTe and PbTe. 


1084. Wuere, G. K. and Woops, S. B. Electrical 
and thermal magneto-resistance in thin rods of pure 
sodium. Phi/. Mag. 1: 846-853, Sept. 1956. 

Measurements are reported on the resistivity 
of 130 and 350u diameter rods of high purity 
sodium in transverse magnetic fields (1 to 10,000 
oersteds) and at temperatures between 2 and I8 K. 


1085. Waite, G. K. and Woops, S. B. Thermal 
and electrical conductivity of rhodium, iridium, 
and platinum. Can. J. Phys. 35: 248-257, Mar. 
1957. 

Rapid rate of decrease of “ideal” thermal and 
electrical with temperature. particu- 
larly in Rh and Ir, suggests that s-d transitions are 


resistivities 


not dominant resistive mechanism at low tempera- 
tures in these metals, in contrast to Pd, Fe and Ni. 


Includes 20 references. 


1086. Wuite, G. K. and Woops, S. B. Thermal 
and electrical conductivities of solids at low tempera- 
tures. Can. J. Phys. 33: 58-73, tigs., 1955. 

An apparatus for measuring the thermal and 
electrical conductivities of solids at temperatures 
between 2) and 300 K Results are 
presented of measurements of some dilute copper 
alloys, beryllium, bismuth, and germanium. Where 
possible the lattice thermal conductivity has been 
deduced, directly or indirectly from the measure- 
ments, and its magnitude and variation with 
temperature are discussed with relation to theory. 


is described. 


1087. Wuire, G. K. and Woops, S. B. The 
thermal and electrical resistivity of bismuth and 
antimony at low temperatures. P/i/. Mag. 3: 342 
349, Apr. 1958. 

Measurements are reported of the electrical 
resistivity of pure polycrystalline specimens of 
bismuth and antimony over the range 2 to 300 K 
and of the thermal conductivity up to 150 K. 
Some measurements in a magnetic field have also 
been made which allow separation of the thermal 
conductivity into electronic and lattice components. 
Below 50°K, it appears that the heat conductivity 


| 

investigation 

riO.. Y.Ca. 

which are n-t 

begun on ‘ 

Studies were | 

mat ils ( 

Cet(S* 

prepared 

on Li,(M 

high to ma 

ture 

CetS.Se) 

ments on 

of over 2 
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of bismuth is nearly all due to lattice waves; free 
electrons seem to contribute little to the con- 
duction or to the scattering. In antimony, however, 
the lattice conductivity is smaller than might be 
expected at low temperatures suggesting significant 
scattering by free electrons. 

1088. Wuitr, W. C. Some experiments with 
Peltier effect. Elec. Eng. 70: 589-591, Jly. 1951. 

Experiments have been made on new alloys to 
determine the practicability of using the Peltier 
effect in a thermoelectric power generator. 

1089. WILLARDSON, R. K., Breer, A. C. and 
Mipp_eton, A. E. Electrical properties of semi- 
conducting AISb. Electrochem. Soc. J. 101: 354 
358, 1954. 

Experimental investigations of 
thermoelectric power, and Hall coefficient over the 
temperature range 80° to 1200 K were made. The 
energy band separation is 1-5—1-6 eV: electron 
and hole mobilities are approximately equal and 
are over 100 cm?*/volt-sec. Rectification has been 
observed for both p-type and n-type specimens. 
The semi-conducting characteristics are similar to 
those of Si. 


the resistivity, 


1090. WILLARDSON, R. K. New semiconductor 
materials. Battelle Tech. Rev. 6: 8-14, illus., Aug. 
1957. Thermoelectric materials, p. 13-14. 


1091. WittiamMs, W. Some adiabatic and iso- 
thermal effects in bismuth telluride. Phys. Soc. Proc. 
73: 739-744, figs., May 1, 1959. 

Isothermal and quasi-adiabatic Hall and Nernst 
coefficient were measured on n- and p-type Bi.Te, 
over a temperature range 100 K to about 450 K 
with the magnetic field either parallel or perpen- 
dicular to the cleavage planes. The difference 
between the two Hall follows the 
expected variation with temperature. However, 
the Nernst coefficients do not, and the reason is not 
known. Results obtained with the magnetic field 
perpendicular to the cleavage planes have been 
used to calculate the Ettinghausen effect. 


coefficients 


1092. Wink Ler, U. E. The electrical properties 
of the intermetallic compounds Mg.Si, Mg.Ge, 
Mg.Sn, and Mg.Pb. Dissertation, E.T.H. Zurich, 
No. 2501, 633-666, 1955. 

In German. 

“Gives detailed results of measurements of the 
electrical conductivity, the Hall effect, and the 
thermoelectric effect on polycrystalline specimens 
of these intermetallic compounds prepared by 
direct melting. Measurements were made over the 
temperature range 100-1100 K and the results 
show that Mg.Si, Mg.Ge, and Mg.Sn behave as 
true semiconductors while the results for Mg.Pb 
indicate that this compound is a strongly degene- 
rate semiconductor. Particulars of the electrical 
constants of these compounds are given.” Sci. 
Abs. 60A: 5334, 1957. 


1093. WornerR, H. W. Thermoelectric properties 
of titanium with special reference to the allotropic 
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transformation. Australian J. Sci. Res. 4A: 62-83, 
Mar. 1951. 

A differential method for determining the ther- 
moelectric power of Ti/Pt thermocouples is 
described. The results are compared with data 
obtained in direct emf temperature determinations. 
The temperature-dependence of the following has 
been deduced: (a) the Peltier coefficient of the 
Ti-Pt couple; (/) the difference between the 
Thomson coefficients of Ti and Pt; (c) the absolute 
thermoelectric power of Ti. It is shown that abrupt 
changes in thermoelectric properties accompany 
the a-B transformation in refined Ti, the transition 
temperature range being 883— | to 867-2 C. Ina 
commercial grade the transformation occurs over 
the range 865 to 970°C. Some effects due to 
preferred orientation and the elimination thereof 
are also ‘eported. 


1094. Wricut, D. A. Bismuth telluride and 
related compounds. Res. 12: 300-306; Aug./Sept., 
1959. 

This article summarizes the present knowledge. 
Particular attention is paid to those properties 
which have a bearing on thermoelectric perfor- 
mance. 


1095. WriGcut, D. A. Some physical properties 
of bismuth telluride. /n Semiconductors and 
Phosphors, Proceedings of International Collo- 
quiem held in Garmisch-Partenkirchen, 1956, p. 
477-481, Brunswick, Vieweg, 1958. 

Not examined. 

This paper summarizes information on the 
crystal structure, preparation, and 
thermal conductivity, Hall effect, thermoelectric 
power and band structure of Bi,Tes. 


1096. WriGHt, R. W. and ANprews, J. P. 
Temperature variation of the electrical properties of 
nickel oxide. Phys. Soc. Proc. 62A: 446-455, Jly. 
1949, 

An experimental method of preparing speci- 
mens of NiO in the form of coherent strips is 
described. Simultaneous measurements of electrical 
conductivity and Hall effect are then made at 
various temperatures up to about 700°C and the 
thermoelectric power measured immediately after- 
wards, all on one sample. NiO behaves like a 
defect semiconductor, “hole” conductivity pre- 
dominating. The significance of these results is 


electrical 


discussed. 


1097. Wricut, D. A. Thermoelectric properties 
of bismuth telluride and its alloys. Nature 181: 834, 
Mar. 22, 1958. 

Progress since 1954 in the production of pure 


p- and n-type Bi,Te, is reported. A maximum 
temperature difference of 65 C, at a mean tempera- 
ture of 17°C, and Hall electron mobilities as high 
as 300 cm?/Vsec have been obtained with these 
materials, and a maximum temperature difference 
of 80°C at the same mean temperature has been 
obtained by combinations of alloys of analogous 
materials. 


1098. WriGHuT, D. A 
of semiconductors. Flectron. 32: 70-71, 


June 19, 1959 


Thermoelectric properties 
table, 
ynductors are evaluated for 
Figures of merit, 
bismuth te 


Lop of list: 


rmanece 
iterial, place 
presented in a 


r comparative chat 


1099, Wricut, R. W. The variation with tem- 
perature of the electrical properties of a degenerate 
electronic semiconductor as exemplified by cad- 
mium oxide. P/ivs. Soc. Proc. 64A: 350-362, Apr 
of the Hall constant 
were made 
mperature range 0-500 C, and 
measured 


conductivity 


ric power dE/dT was 


immediately afterwards for each specimen. The 


properties were found to resemble those of a metal. 


The theory of degenerate semiconductors is 
developed, and since the values of R indicate that 
number of 


each specimen, this result is incorporated into the 


there is a constant free electrons in 
comparison of the theory with the experimental 
results. The form of the theory 
predicts that the power and the 
resistivity should be directly proportional to the 
absolute temperature; the experimental results are 
found to confirm this 


approximate 
thermoelectric 


1100. WriGut, R. W. and Bastin, J. A. The 
characteristic temperature and effective electron 
mass for conduction processes in cadmium oxide. 
Phys. Soc . Prco. 71B: 109 116, Jan. 1958. 

Measurements of the Hall effect, resistance, 
magnetoresistive effect, and thermoelectric power 
50 specimens prepared by 


were made for over 


sintering compressed powder blocks of CdO. 


L101. WriGut, H. C. and Brice, J. C. Indium 
monotelluride. Nature 183: 27-28, Jan. 3, 1959. 
A report of reveal the 


anomalous properties of the compound. Certain 


measurements which 
electrical properties indicate a metallic nature, but 
the large value of the thermal emf, the computed 
Wiedemann—Franz variation 


more characteristic of a semi- 


ratio and e large 
of resistivity are 


1102. Wricut, R. W. Variation with temperature 
of electrical properties of degenerate electronic 
semiconductor as exemplified by cadmium ovide. 
Phys. Soc. Proc. 64B: 350-362, Apr. 1, 1951. 

Meas Hall constant, specific con- 


ductivity, 


trement of 
thermoelectric power, and their varia- 
tions with temperature, on same sintered specimen 
development of theory of 


of cadmium oxide 


degenerate semi-conductors 


1103. YABUMOTO, TADAICHI. Electrical and 
optical properties of germanium sulfide. P/iyvs. Soc. 


Japan. J. 13: 559-562, 1958. 
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Samples were prepared by heating stoichiometric 
quantities of Ge and S in evacuated quartz am- 
pules at 800° and then homogenizing at 1050° for 
6 hours. The samples were then sublimed in NH3. 
The thermal activation energy for the dark current 
was 0-74 eV for high temperatures and 0-24 to 
0-5 eV for low temperatures. 


1104. Yapav, Ram. 
thermoelectric properties. /ndian Patent No. 
761, Nov. 24, 

The alloy is prepared from Zn 25, Sb 65, and 
Ag or Cu 0-2-1:0°, 


Antimony-zine alloy with 
50, 


1955. 


1105. YAMAKA, E. and SawaAmorTo, K. Electrical 
conductivity and thermoelectromotive force in MgO 
single crystal. Phys. Soc. Japan. J. 10: 176-179, 
Mar. 1955. 

Electrical conductivities of MgO single crystals 
were measured by an a.c. method from 650 C to 
1000 ¢ log oy IT have the slope of 
2:3 eV Specific resistivities of magnesium- 
coloured samples are smaller than those of 
uncoloured and oxygen-coloured samples, so that 
it may be concluded that charge carriers originate 
from impurity levels of oxygen vacancies or inter- 
atoms. The measurements of 


Curves of 


stitial magnesium 


sign of thermoelectric motive force showed that 


charge carriers are electrons in all samples. The 
values of Te are from 0-1 mV deg to 10 mV/deg 
at various concentrations of excess magnesium. 


1106. Yates, B. The electrical conductivity and 
hall coefficient of bismuth telluride. /. E/ectron. & 
Contr. 6: 26-38, Jan. 1959. 

Describes the variation of the electrical con- 
ductivity and Hall coefficient of a number of 
specimens of Bi,Te, over a wide range of doping 
concentrations. A detailed examination of these 
quantities, over the temperature range 1-3 to 
660 K, has revealed the existence of trends which 
vary systematically with the degree of doping, 
although anomalies exist within this scheme. It is 
shown that an impurity band mechanism may 
operate in n-type Bi,Tes. 


1107. Yockry, H. P. Use of thermocouples in a 
radiation field. Phys. Rev. 101: 1426, Feb. 15, 1956. 
Discussion of experimental work on the effect 
of radiation damage on the thermoelectric power of 


metals. 


1108. YOKOYAMA, TOHRU. Experimental studies 
on the formation of superlattice in FeCo alloys. IV. 
Thermoelectric motive force, thermal expansion and 
X-ray investigation. Nippon Kinzoku Gakkai-Si 21: 
321-324, 1957. 

In Japanese. 

“The variation of thermo-emf, thermal ex- 
pansion, and the lattice construction with tem- 
perature in FeCo alloys is discussed and illustrated 
graphically. When ordered specimens are heated 
from room temperature, the thermo-emf falls 
sharply at 550°C and then gradually from 550 
to 730 C. The thermal expansion coefficient reaches 
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a maximum at 730 C, falls with temperature, but 
increases slightly again at 550 C. These results are 
correlated with a high-temp. X-ray study, which 
shows that the lattice const. changes markedly at 
550° and 730°C.” Mer. Abs. 910, Aug. 1958. 

1109. YouNG, J. R. Electrical conductivity and 
thermoelectric power of (BaSr)O and BaO. J. 
App. Phys. 23: 1129-1138, Oct. 1952. 

A study was made of thermoelectric power, 
electrical conductivity, and thermionic emission 
on BaO and (BaSr)O_ oxide-coated cathodes 
showed results not explainable by simple semi- 
conductor theory but in good agreement with the 
pore-conduction hypothesis. 


1110. ZHuze, V. P., Tstpi’Kovsky, I. M. and 
BARTNITSKAYA, T. S. Thermomagnetic phenomena 
in silver telluride. Zhurn. Tekh. Fiz. 28: 1646-1650, 
Aug. 1958. 

In Russian. 

Measurements were made (120-600 K) of the 
longitudinal and transverse Nernst-Ettinghausen 
fields, the termo-emf, Hall constant and conduc- 
tivity of Ag.Te and AgTe. The results are analyzed 
in several temperature intervals. Earlier supposi- 
tions that the bonding in Ag.Te changes from 
covalent-metallic to ionic in the phase change at 
150°C are confirmed; the bonding in AgTe was 
ionic throughout the temperature range used. 
(Metall. Abs. 26: 465, Feb. 1959.) 

L111. YurKov, V. A. Physical properties of lead- 


antimony alloys. Akad. Nauk. SSSR. Dok. 91: 


891-893, 1953. 

In Russian. 

The values of the linear expansion, d., electrical 
resistance, and thermal emf were determined for 
Pb-Sb alloys in relation to their composition. The 
eutectic occurs at a composition of 13°, Sb 
(melting point = 247 ). 

1112. YurKov, V. A. and ALEKSEEVA, N. E. 
Thermoelectric properties of Cd-Sb alloys. Zhurn. 
Tekh. Fiz. 26: 911-912, Apr. 1956. 

In Russian. 

The variation of thermoelectric power with 
composition was studied. A very sharp maximum 
(285uV/deg C) was found at the composition 
CdSb. A secondary maximum appeared to be 
associated with the (metastable) compound 
Cd,Sby. 

1113. YurKov, V. A. and 
Thermoelectrical properties of the 
cadmium and lead-cadmium. Fiz. Metal. i 
oved. 8: 21-24, 1959. 

In Russian. 

For brief English abstract see Chem. Abs. 54: 
5403, Mar. 25, 1960. 

1114. ZHuze, V. P. and ReGev’, A. R. Electrical 
properties of alloys of the systems NiTe-NiTe,. 
Zhurn. Tekh. Fiz. 25: 978-983, 1955. 

In Russian. 

Homogeneous specimens were obtained by 
direct fusion with subsequent prolonged annealing, 


Nekrasov, V. V. 
alloys tin- 
Vetall- 


or by sintering under pressure. Maxima in thermal 
and electrical conductivity, and minima in ther- 
moelectric power were observed at NiTe and NiTes. 
The temperature coefficient of resistivity in the 
range 20-300 C was always metallic. It was con- 
cluded that bonding in the system was predomi- 
nantly metallic though measurements on NiTe 
single crystals might show it to have semicon- 
ducting properties. Preliminary measurements on 
CoTe, showed that it resembled NiTe.. 


1115. ZHuze, V. P., SERGEEVA, V. M. and 
SHTRUM, E. L. New semiconducting compounds. 
Zhurn. Tekh. Fiz. 28: 233-236, 1958. 

In Russian. 

Electrical conductivity, thermoelectric power, 
Hall effect, crystal structure, melting point and 
micro-hardness were studied for A’FeX,V! com- 
pounds (A’=Cu, Ag; XV!--S,Se,Te), in particular 
AgFeSe, and AgFeTes. The latter had tetragonal 
structures, which were not of chalcopyrite type 
(though probably related to it). An electronic 
mobility greater than 2000 cm?V-! sec-! was 
obtained with polycrystalline AgFeTe, (~500 
cm-'!). Evidence suggested a phase trans- 
formation in this compound at ~ 145°C included 
a marked change in volume. 


1116. ZHuze, V. P., SERGEEVA, V. M. and 
SuTrumM, E. L. Semiconducting compounds with a 
general formula ABX,. Zhurn. Tekh. Fiz. 28: 
2093-2108, Oct. 1958. 

Investigation of ternary compounds’ which 
crystallize in the chalcopyrite (CuFeS,) pattern 
and which were first synthesized in 1953 by Hahn. 
Data are given on new compounds some of which 
crystallize in tetragonal systems. All these com- 
pounds proved to be semiconductors. 


1117. Ziman, J. M. The electrical and thermal 
conductivities of monovalent metals. Roy. Soc. 
London. Proc. 226A: 436-454, illus., 1954. 

The scattering of electrons by the thermal 
lattice vibrations is considered. The original Block 
theory is qualitatively in agreement with experi- 
ment, but has been shown by various authors to 
be unrealistic in its detailed assumptions. In 
particular, it ignores Umklapp processes, neglects 
the difference between longitudinal and transverse 
phonon velocities, and treats electron-phonon 
interaction as if it were independent of the scat- 
tering angle. 


1118. Zuev, K. P. Thermo-emf of cuprous oxide 
at high temperatures (1000 to 1250 C). IV. Sovier 
Phys. Solid State 1: 1007-1015, Jan. 1960. 

“In this paper, the thermo-emf of Cu,O is 
investigated for the first time in the temperature 
interval from 1000° to 1250 C, and as a function of 
changes in the oxygen pressure of the surrounding 
medium over a wide interval (py.=1 to 760 mm 
Hg). It is shown that the absolute value of the 
thermo-emf in CuO increases continuously with 
heating and it achieves its maximum value at the 
temperature which corresponds to the transition of 
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the sample through the boundary of the stability 
of Cu,O0-CoO; then it falls rapidly reaching 
250uv deg at the melting temperature of Cu,O 
(1235°C) 

The transformation of Cu.O from the solid to 
the liquid phase is studied. The data again confirm 
the idea that shortrange order plays a decisive role. 

A definite relation between the curves of the de- 
pendence of the thermo-emf of Cu,O on composi- 


tion near the boundary of the stability region of 


Cu,0 and CuO is shown to exist, and this boundary 
can be accurately located by means of the experi- 
mental data. Acorrelation between the temperature 
dependence of the thermo-emf and of the electrical 
conductivity at high temperatures (1000 to 1250 °C) 


is established. 

The results of the investigation are successively 
compared and analyzed, starting from the con- 
ditions of thermodynamic equilibrium in the Cu- 


O, system.” 


MATERIALS 


(Measurements) 


conductivity of 
1080°K. 


1119. Apeces, B. Thermal 
germanium in the temperature range 300 
Phys. & Chem. Solids 8: 340-343, 1959. 

Simultaneous measurements of the thermo- 
electric power and electrical conductivity are 
reported and experimental methods are detailed. 


1120. Armour Research Foundation, Chicago, 
Ill. Methods for measuring thermal conductivity 
23 p., n.d. 

Methods for measuring thermal conductivity of 
materials are described for the purpose of indica- 
ting methodology for selecting and evaluating 
materials for possible use in thermoelectric genera- 
tors. 


1121. BARANSKU, P. I. and LasHKarey, V. E. 
The measurement of volume thermal emf in ger- 
manium. Zhurn. Tekh. Fiz. 27: 1161-1166, June 
1957. 

In Russian. Translation in Soviet Phys. 
Phys. 2: 1055-1060, June 1957. 

“An analysis of the basic errors which arise in 
the study of the thermal electromotive forces in 
n- and p-germanium when pressure contacts are 
utilized. Proposals are made for eliminating these 
errors. It is shown that in properly conducted 
experiments the relationship @a=a(/\T) does not 
show up.” Electron. Exp. 1: 15, Mar. 1958. 


Tec hh. 


1122. Battelle Memorial Institute, Columbus, 
Ohio. Measurement of thermal conductivity by 
utilization of the peltier effect, by T. C. HARMON, 
J. H. CAHN and M. J. LOGAN. 9 p., illus., Dec. 31, 
1958. (Tech. Rept. 2) (Contract Nonr—231-—600). 
(AD-—228-784). 

Reprint from J. Appl. Phys. 30: 1351 
Sept. 1959. For original entry see Item 1228 
March 1960 issue. 


1359, 


1123. Battelle Memorial Institute, Columbus, 
Ohio. Special measurement techniques for thermo- 
electric materials with results for Bi,Te, and alloys 
with Bi,Se,, by T. C. HARMAN and M. J. LOGAN. 
17 p., June 1, 1958. (Tech. Rept. 1). (Contract 
No.—2316(00)). (AD-201-111). 

A new technique devised for accurate measure- 
ment of the absolute values of thermoelectric 
power and thermal conductivity involves use of 
the Peltier heat to maintain a temperature gradient 
across the specimen. Measurement of this gradient, 
the voltage across the specimen, and the a.c. 
resistivity allows calculation of the absolute values 
of the thermoelectric power and thermal conduc- 
tivity. The thermoelectric figure of merit is given in 
terms of the ratio of voltages. 

1124. Bottaxs, B. I. Dependence of the coe- 


fficient of the thermo-emf in semiconductors on the 
temperature difference of the junctions (on Henisch’s, 
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Schweikert’s and Rode’s papers). Z/iurn. Tekh. Fiz. 
20: 1039-1048, Sept. 1950. 

In Russian. 

The measurements carried out on TiO, and 
Cu,O at various temperature differences of the 
junctions showed that the Henisch effect for TiO, 
and the dependence of a on | T,-T. | for Cu,O 
have nothing to do with the characteristics of the 
substances, but are due to experimental short- 
comings. Henisch’s statement ,that measurements 
of the thermo-emf must not be used for determining 
the sign of the charge carriers seems to be without 
foundation. Greatest care has to be taken to ensure 
that thermocouples measure true temperature of 
the specimen, viz., that at the points between 
which thermo-emf is measured. The experimental 
findings agree with the Davydov and Shmushkevich 
theory of the thermo-emf. 


1125. Bottaks, B. I. The problem of measuring 
the thermo-emf of semiconductors. Zhurn. Tekh. 
Fiz. 22: 892-893, 1952. 

In Russian. 

Rejoinder to a note by Henisch replying to 
previous criticism by the author of Henisch’s 
observations on a new effect, viz., the strong 
dependence of the thermo-emf on the value of the 
temperature difference of the junctions for the 
same values of the mean temperature of the speci- 
men. Repetition of Henisch’s experiments by the 
author proved Henisch’s observations to be due to 
experimental errors and not to characteristics of 
the substances investigated. Experiments without 
removing the established sources of error produced 
the ““Henisch effect”; properly conducted experi- 
ments were free of it. 


1126. Brice, J.C. and WriGuT, H. C. Apparatus 
for measurement of thermal-emf in semiconductors. 
J. Sci. Instr. 35: 146-147, Apr. 1958. 

Since semiconductor specimens are often avail- 
able only as small prisms or thin laminae, thermo- 
electric measurements offer problems in thermo- 
metry not encountered when the material is in the 
form of a wire. In order to make an accurate 
measurement of the temperature of their speci- 
mens Skanivi and Kashtanova screwe« 
thermocouples on to the specimen surface and then 
coated them with a water-glass or asbestos mixture. 
Hutson has used subsidiary heaters on his thermo- 
couple leads to obviate a temperature gradient 
along them. This article described an apparatus 
which has been in use for some months, and which 
offers a very simple way of achieving a similar end. 


1127. HARMAN, T. C., CAHN, J. H. and LoGan, 
M. J. Measurement of thermal conductivity by 
utilization of the peltier effect. J. App/. Phys. 30: 
1351-1359, Sept. 1959. 

A special technique for the accurate measure- 


322 Abstracts 


ment of thermal conductivity is discussed. The 
method involves use of the Peltier heat to maintain 
a temperature gradient along the specimen. 
Straightforward measurements allow calculation 
of the absolute value of the thermoelectric power, 
thermal conductivity, and electrical resistivity. An 
especially useful feature of the method is that the 
thermoelectric figure of merit is given in terms of 
the ratio of two voltages. The theory is presented 
for the case in which the radiative heat transfer is 
important. The method has been tested experi- 
mentally at 300 K only, analysis suggests that 
accurate measurements of thermal conductivity 
can be made by this technique on low thermal con- 
ductivity materials of small dimensions up to 
1000 K. 


1128. HARMAN, T. C. Special techniques for 
measurement of thermoelectric properties. J. App/. 
*hys. 29: 1373-1374, Sept. 1958. 

Special techniques for measuring the thermal 
conductivity, thermoelectric power, and the figure 
of merit of thermoelectric materials such as bismuth 
telluride are discussed. It is shown how the thermal 
conductivity can be calculated when the thermo- 
electric power, current, temperature gradient and 
geometry of the specimen are known. The thermo- 
electric power can be determined by dividing the 
absolute Seebeck voltage of the specimen by its 
temperature gradient. The figure of merit can be 
determined by dividing the absolute Seebeck 
voltage of the specimen by the product of the IR 
drop in it and the absolute temperature. Experi- 
must be taken are 


mental which 


pointed out. 


precautions 


1129. Herinckx, C. and Monri.s, A. Electrical 
determination of the thermal parameters of semi- 
conducting thermoelements. Brit. J. Appl. Phys. 
10: 235-236, 1959. 

Equations are developed from which the therma 
conductivity, thermal capacity, and electrical con- 
ductivity can be obtained by measurement of the 
electric p.d. across a semiconductor due to its own 
thermoelectric force. The method is illustrated for 


BiTe. 


1130. Hopkins, M. R. The thermal and electrical 
conductivities of metals at high temperatures. Z. 
Physik. 147: 148-160, 1957. 

In German. 

A method of investigating the electrical and 
thermal conductivities of metals at high tempera- 
tures is described. The theory of the method 
depends upon the application of ideas which are 
fundamental in the study of electrical contact 
phenomena. The ratio of the thermal to the 
electrical conductivity of platinum has_ been 
determined from 1200°C to the melting point 
(1773°C) and from the melting point to 2300°C by 
making simultaneous observations of electrical 
potential and maximum temperature in a short 
wire through which current is passed. 


1131. Iorre, A. F. A simple method of measuring 
thermal conductivity. Zhurn. Tekh. Fiz. 22: 2005- 
2013, 1952. 

In Russian. 

Substance is clamped between an upper copper 
block A (Temp. Ta) and a lower copper block B 
(temp. b). Initially the whole system is at ambient 
temperature T,. The lower block is then immersed 
in a low-temperature bath. The thermal conduc- 
tivity of material between blocks A and B is ob- 
tained from measurement of the time variation of 
(Ta-Tb) and (Ta-T,). Various applications of the 
method are outlined; (a) the thermal conductivity 
of semiconductors, (b) a comparison of thermal 
conductivity of amorphous and crystalline solids, 
e.g., Sulphur and selenium. 


1132. KAGANov, M. A., Lisker, I. S. and 
MusHKIN, I. G. Measurement of the thermoelectric 
properties of semiconductors. /iz. 7verdogo Tela 1: 
988-990, June 1959. 

In Russian. 

“A correction factor for heat loss applied to a 
formula of Harman (J. Appl. Phys. 29: 1373-137 
Sept. 1958), is shown to be independent of the 
current intensity.” Electron Tech. 37: 1271, Apr. 
1960. 

1133. Korenswir, L. L. and SHTEINBERG, A. A. 
A graphical method for determining chemical 
potential in semiconductors. Zhurn. Tekh. Fiz. 26: 
927-937, 1956. 

Trans. in Soviet Phys. Tech. Phys. 1: 
May 1957. 

Proposes method using a glass sheet illuminated 
from below; transparent sheet with mm. squares is 
placed on the glass and also two tracings with 
“universal” graphs. By appropriately displacing 
these sheets with respect to each other, the 
chemical potential and its temperature dependence 
are determined. Method has been used for investi- 
gating electric and TE properties of semiconductors 
with mixed conductivities, and some results are 


912-920, 


reported. 

1134. KroeseL,W. A method forthe amplification 
of extremely small thermoelectric voltages. Z. 
Angew. Physik 5: 286-291, Aug. 1953. 

in German. 

Describes an amplifier for signals of order 
1-5 10-*v at about 10 c/s and from a measuring 
circuit resistance of 10Q. With modifications 
10-?°V can be measured. 


1135. LANpeR, J. J. Measurements of Thomson 
coefficients for metals at high temperatures and of 
Peltier coefficients for solid-liquid interfaces of 
metals. Phys. Rev. 74: 479-488, 1948. 

Although the thermoelectric Peltier and Thom- 
son effects are usually of secondary importance in 
practical electrothermal phenomena, they may 
become of immediate importance when thermal 
or electrical symmetry is a primary consideration. 
This article describes apparatus devised for 
measuring and measurements made of : (a) the 
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liquid-solid Peltier coefficients of Au, Ag, and Cu; 
and (+) the Thomson coefficients for solid Pt, Pd, 
Ag, Au, Cu, W and Mo at high temperatures. 


1136. LouGHEerR, E. H. Measurement of para- 
meters in the thermoelectric figure of merit. F/ec. 
Eng. 79: 358-364, figs., May 1960. 

Some of the more effective methods for measur- 
ing such important parameters of thermoelectric 
materials as Seebeck coefficient, thermal conduc- 
tivity, and electrical resistivity are described. 

Includes 22 references. 

1137. National Bureau of Standards, Washing- 
ton, D.C. Electroluminescence and thermoelectric- 
ity, by G. G. HARMAN and R. L. RAyBotp. 23 p., 
Dec. 1, 1959. (AD229814). 

Unpublished report. 

A thermoelectric measuring apparatus was 
designed and constructed. It is capable of measuring 
thermoelectric power from 77°K to 1100°K in air, 
various ambients, and in moderate vacuum 
Tentative results indicate that some high resistivity 
n-type SiC changes to p-type at about 500°C and 
would not. be suitable for high-temperature 
devices. A more detailed study is necessary, how- 
ever. 


1138. National Bureau of Standards, Washing- 
ton, D.C. Thermal conductivity of semiconductive 
solids; method for steady-state measurements on 
small disc reference samples. May 24 to Sept. 30, 
1959. 4 p., Sept. 30, 1959 (TPR Index 058-001). 


Progress report on a part of a major programme 
on the development of materials for thermoelectric 
power generation. 

1139. National Bureau of Standards, Washing- 
ton, D.C. Thermal conductivity of semi-conductive 
solids; method for steady-state measurements on 
small disc reference samples. Sept. 30, 1959 to 
Dec. 30, 1959. 5 p., Dec. 31, 1959 (TPR Index 
NS058—001). 

Attention was concentrated on study of the two 
major sources of inaccuracy: (a) conduction of heat 
into the powder insulation surrounding the heat 
source, and (b) contact resistances at the specimen 
surfaces. 

1140. New York Naval Shipyard, Material 
Laboratory, New York, N.Y. A proposed method 
for measuring thermal diffusivity at elevated 
temperatures. Final Report by A. HiIRSCHMAN, 
W. L. DerKSEN and T. I. MONAHAN. 13 p., Apr. 30, 
1959. (Project 5046-3, Pt. 119). 

It is proposed to measure the thermal diffusivity 
of solids in the form of finite slabs by periodic 
irradiation of one face and comparison of the 
phase difference between the resulting temperature 
oscillations of the back face and those of the 
irradiated face. The purpose of this report is to 
describe the method, the underlying theory and 
experimental techniques. Some advantages and 
limitations are described. Design of elements for 
thermoelectric conversion of power from a heat 
source at a fixed temperature requires a knowledge 
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of thermal conductivity; since thermal diffusivity 
is the ratio of thermal conductivity to volumetric 
specific heat, thermal conductivity can be com- 
puted from the measured diffusivity and the volu- 
metric specific heat, whose variations with tem- 
perature can be measured with the experimental 
equipment described herein. 


1141. Radio Corporation of America. David 
Sarnoff Research Center, Princeton, N.J. Thermal 
and electrical properties of material, by B. ABELES, 
G. D. Copy, and R. Novak. 33 p., Mar. 31, 1959. 
(Prog. Rept. 1) (Contract AF33 (616)-6165) 
(AD 225 854). 

Research on principles causing thermoelectric 
behaviour and their use to control thermoelectric 
characteristics of material. This report deals with 
the GaAs-InAs system and with a method of 
measuring high-temperature thermal conducitvities. 


1142. Radio Corp. of America. David Sarnoff 
Research Center, Princeton, N.J. Thermal and 
electrical properties of materials. 8 p., Jan. 15, 1960. 
(Quart. Prog. Rept. 4) (Contract AF33(616)-6165). 

Confirmation of the previously obtained 
diffusivity of germanium is reported through the 
use of thermocouples for temperature measure- 
ments rather than the probe method previously 
reported. Apart from confirming the previous 
results, the new method should permit the ex- 
tension of the diffusivity measurements to semi- 
conductors which lack the homogeneity required 
for the probe techniques. An analysis of the results 
obtained for Armco iron is given, which relates 
the phenomena observed to the electrical and 
thermal properties of iron at elevated temperature. 
A brief description of the proposed specific heat 
measurements is given. 


1143. SHTENBEK, M. and BARANSKU, P. I. 
Methods for precision measurement of the Peltier 
effect and the thermoelectric power. Soviet Phys. 
Tech. Phys. 1: 1345-1359, 1957. 

Translation of Russian article in Zhurn. Tekh. 

26: 1373-1388, 1956. 


1144. SHTeENBECK, M. and Baransku, P. I. 
Methods for the precise measurement of Peltier 
effect and thermoelectromotive force. Zhurn. Tekh. 
Fiz. 26: 1373-1388, 1956. 

In Russian. 

If the Peltier temperature difference (,\T) 
between the ends of a specimen conducting a 
current i, is annulled by introducing thermal 
energy W at the cooled end, then the Peltier 
voltage, P = W/2i (provided that the system is 
perfectly symmetrical thermally and that there is 
no heat loss perpendicular to the specimen axis). 
For departures from thermal symmetry, curves of 
W against AT for forward and reverse current 
flow intersect at W W*, (¢<T = 0), and P = 
W*/2i. Non-ohmic behaviour in the specimen or 
its contacts can be eliminated by determining the 
variation of P with i and extrapolating to i = 0. 
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For an inhomogenous specimen it is found that P 
is averaged in the same way as is the thermoelectric 
power a. An apparatus applying the new method 
is described in detail, and errors in measurement 
are analysed. An accuracy of 1°, for P is claimed. 
A simple method for the simultaneous determi- 
nation of @ within 1°; is also described. It is noted 
that experiments on Ge do not confirm the validity 
of the Kelvin relationship P aT. 


1145. Stipces, P. H. and 
Thermal diffusivity of metals at high temperatures. 
J. Appl. Phys. 25: 58-66, Jan. 1954. 

A modified Angstr6m method for measuring 
thermal diffusivity and hence thermal conductivity 
of metals developed. Using a heat source whose 
temperature varies sinusoidally with time, located 
at one end of an effectively infinite rod. Only one 
period of the heat pulse is required to eliminate 
the unknown coefficient determining the heat loss 
by radiation since both velocity and amplitude 
decrement of the heat pulse are measured. In 
addition to providing greater reliability at high 
temperature by using only one period, the method 
is faster in taking data and simpler in computation. 
Thermoelectric potentialities from two thermo- 
junctions are amplified and plotted on a Brown 
electronic recorder. Results for Cu, Ni, and Th 
over the range 0-500 C are given. 


1146. SKAVANI, G. I. and KASHTANOVA, A. M. 
Methods of measuring the coefficient of thermo- 
emf in semiconductors. Zhurn. Tekh. Fiz. 26: 
895-899. 1956 

In Russian. 

Translation in 
687-694, 1957 

A discussion of practical difficulties in measuring 


Soviet Phys. Tech. Phys. 1: 


DANIELSON, G. 


thermoelectric power is followed by a detailed 
description of two different types of apparatus 
suitable for use from room temperature up to (a) 
240°C, (b) 320°C. 


1147. Struckes, A. D. and CHASMAR, R. P. 
Measurement of thermal conductivity of semi- 
conductors. Jn Report of the Meeting on Semi- 
conductors, held by the Physical Society, April 
1956. p. 119-125. 

In measurements made from room temperature 
to several hundred degrees C, pure iron and stain- 
less steels are used as standard reference materials. 
Preliminary values are given for the thermal 
conductivity of Ge, Si, indium antimonide, and 
indium arsenide. 


1148. Tauc, JAN, BEDNAR, J. and ABRAHAM, A. 
4 method for the precise measurement of thermal 
emf of samples with great thermal conductivity. 
Czechosloyv. J. Phys. 3: 314-315, 1953. 

In Russian. 

Letter. Describes an apparatus in which the 
two ends of a specimen of the material under 
investigation (semiconductors are suggested) can 
be kept at precise and known temperatures. No 
experimental results. 

1149. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Rapid measurement of thermo- 
electric materials under simulated generator 
conditions, by S. J. ANGELLO and C. S. DUNCAN. 
16 p., figs., Jan. 15, 1959. (Res. Rpt. 431FD406- 
R1). 

Limited availability. 

This report is a part of Westinghouse Thermo- 
electricity Progress Report 12, dated January 1959. 

Describes a test apparatus in detail which is fast 
and sufficiently accurate for evaluating and select- 
ing thermoelectric generator materials. 
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1150. Air Force, Rome Air Development 
Center, Griffiss Air Force Base, N.Y. Design con- 
siderations for the radioisotope thermoelectric 
generator, by F. B. BRAuER, ef al. 87 p., Jan. 1957. 
(Tech. Rpt. 56-130) (AD-97 849) (PB 135 315). 

This report consists of five sections, each of 
which is part of a predevelopment feasibility study 
of the radioisotope thermoelectric generator. 
The programme is described in general, and 
thermoelectric design considerations, radio-isotope 
source design and shielding are examined in detail. 
The design of a handling facility is described and a 
typical electronic application of the device is 
discussed. The conclusion of this feasibility study 
are that it is possible to build a practical model of 
the radioisotope thermoelectric generator and that 
such a device will have certain unique and desirable 
performance characteristics not presently attain- 
able by conventional methods. 

1151. Air Force. Wright Air Development 
Center, Wright-Patterson Air Force Base, Ohio. 
Efficiency of thermoelectric generators, by J. M. 
Borreco, H. A. Lypen, and J. Bair. 75 p., 
Sept. 1958. (Tech. Note 58-200) (Contract AF33- 
(616)-3984) (PB 151 748). 

The analysis considers efficiency of a thermo- 
electric generator taking into account the Thomson 
effect. Results are expressed in terms of macro- 
scopic material parameters such as electrical 
resistivity, thermal conductivity, and thermo- 
electric power. 

1152. ALFonso, N. and Mitnes, A. G. Transient 
response and ripple effects in thermoelectric cooling 
cells. 13 p., New York, American Institute of 
Electrical Engineers, 1959. (AIEE Paper CP 
60-174). 

The theoretical transient response of a thermo- 
electric cooling cell is studied under various 
loading conditions for a step-function of current, 
and for the effects of sinusoidal ripple currents. 

1153. Atomic Energy of Canada, Ltd. Chalk 
River Project, Chalk River, Ont. A literature survey 
on the measurement of thermal conductivity of 
several solids including uranium dioxide, by A. M. 
Ross. 42 p., Mar. 1958. (CRFD-762) (AECL-585). 

Various methods for measuring thermal con- 
ductivity at ambient and elevated temperatures 
have been classified into six steady-state heat flow 
groups and one transient-state heat flow group. 
The principle of the method of each group is out- 
lined, and a review of pertinent work in the litera- 
ture is given. An index provides a source of thermal 
conductivity data for the many materials covered 
in the survey. 

1154. Backstrom, M. The Peltier effect—the 
future way of operating household refrigerators ? 
Kyltek. Tid. no. 5: 72-74, 1955. 

In Dutch. 

“The use of thermocouples has been suggested 
previously for refrigeration. The known principles 


OF DESIGN 


of Peltier cooling are summarised, and the 
efficiency is computed as a function of thermo- 
electric power, resistivity and heat conductivity. 
Materials are needed which have a thermoelectric 
power in excess of 200 microvolts/C and normal 
Wiedemann-—Franz-Lorenz relations. The compu- 
tations are applied to alloys used by Forsberg. 
The largest calculated temperature drop is 27-4°C. 
The efficiency is not as high as that of commercial 
absorption-type refrigeration. Further develop- 
ment is clearly indicated.” Appl. Mech. Rev. 9: 
1233, Apr. 1956. 

1155. Bassett, C. D. Minimizing heat losses in a 
thermoelectric generator. Power Eng. 54: 66-67, 
106, Oct. 1950. 

A discussion of the Denzig method for im- 
proving the efficiency of thermoelectric generators 
and a presentation of a technique for its possible 
development. 

1156. Bo_umerer, E. W. An elementary design 
discussion of thermoelectric generation. Elec. Eng. 
78: 995-1002, figs., Oct. 1959. 

This article seeks to acquaint the reader with the 
elementary problems of thermoelectric generation 
and some of the solutions that have been devised. 
Consideration is also given to advantages and dis- 
advantages of thermoelectric generation for uses 
which may appear desirable at the present state 
of the art. 

1157. Burns, G. P. Efficiency of the thermoelec- 
tric process. Phys. Rev. 78: 327, 1950. 

“Formulas for the efficiency of the thermo- 
electric process have been derived for the following 
cases: (1) External load is different from the 
internal resistance of the couple. (2) Couple 
delivers maximum power. (3) Efficiency of the 
couple is maximum. The maximum efficiency of 
the process is given by efficiency 

e*(Th 
8pk + 4(pk)! *(e*T), 


4pk)'/? 

where e is the thermoelectric power of the couple, 
T. the temperature of the hot junction, Ty, the 
temperature of the cold junction, p the specific 
electrical resistance and k the specific heat con- 
ductivity of the elements. If both elements of the 
couple are made to satisfy the Wiedemann-Franz- 


e*T), 


Lorenz relation and the temperatures of the 
junctions are 27°C and 427°C respectively, then 
for maximum efficiency the external load is 3-91 
times the internal resistance of the couple. For 
e€ 1000 microvolts per degree C, this yields an 
efficiency of 33-9 percent.” Entire item quoted. 

1158. BuRNs, G. P. Efficiency of the thermoelec- 
tric process. Phys. Rev. 78: 327, 1950. 

Abstract only of paper given at meeting of the 
American Physical Society, February 2-4, 1950, 
at New York. 

Formulas for the efficiency of the thermoelectric 
process have been derived for the following cases: 
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(1) External load is different from the internal 
resistance of the couple; (2) Couple delivers 
maximum power; (3) Efficiency of the couple is 
maximum. 


1159. DAHLBERG, REINHARD. Zur Theorie der 
reversiblen elektrischen heizung. (On the theory of 
reversible electrical heating). 7. Angew, Phys. 10: 
467-470, Oct. 1958. 

In German 

Careful analysis of the heating effects obtainable 
from thermocouples. 

1160. DAHLBERG, R. Zur theorie der thermo- 
elektrischen kuehlung. (On the theory of thermo- 
electric cooling). Z. Angew. Phys. 10: 361-368, 
Aug. 1958. 

In German 

Ihe origins of the 
examined and the theory of operation of a thermo- 
junction and the design of multijunction coolers 
are discussed. The results are related to experiments 
particular, Bi,Tes. 
tellurides and 


thermoelectric effects are 


with various materials, in 
ZnSb, CdSb, As.Te,, and 
selenides 

1161. Engineering Research Inc., 
St. Paul, Minn. Thermoelectric generators. 48 p., 
Nov. 1, 1953. (Rept. PX-71344) (AD-112732). 


Presents principle design considerations for a 


other 


Associates, 


thermoelectric generator based on experimental 
results achieved in a task aimed at producing a 
generator to be employed as a charging unit for 


6-volt storage batteries. 


1162. Fritts, R. W. Design parameters for 
optimizing the efficiency of thermoelectric genera- 
tors utilizing p-type and n-type lead telluride. Cor. 
& Electron. 46: 817-820, figs., Jan. 1960. See also 
Item 1703. 

The thermoelectric properties of p-type and 
n-type lead telluride systems have been presented 
to indicate how the figures of merit of these ma- 
terials vary with temperature. This variation is pro- 
nounced and must be taken into account in 
designing efficient thermoelectric generators for 
use over different temperature ranges. For 
thermocouples comprising elements of p-type and 
n-type lead telluride alloys efficiencies approaching 
10°, can be anticipated for temperature ranges in 
which these materials are known to be stable. 

The design of optimised thermoelectric genera- 
tor systems requires fabricating thermoelectric 
materials such that at each point in a thermo- 
couple element the crystal is doped to provide the 
maximum figure of merit for the temperature at 
that point. While the data presented herein 
pertain to lead telluride systems, the same analysis 
can be applied to other thermoelectric materials 
as well. 

1163. Fritts, R. W. Design parameters for 
optimizing the efficiency of thermoelectric genera- 
tors utilizing p-type and n-type lead telluride. 6 p.., 
New York, American Institute of Electrical 
Engineers, Jly. 10, 1959. (Trans. Paper 59-909). 


The design of optimised thermoelectric generator 
systems requires fabricating thermoelectric 


materials such that at each point in a thermo- 
electric element the crystal is doped to provide the 
maximum Figure of Merit for the temperature at 
that point. While the data presented pertains to 
lead telluride systems, the same analysis can be 
applied to other thermoelectric materials as well. 


Justi, E. and KOHLER, 
refrigeration. 
164, 1950. 


1164. GeHLHorr, P. O., 
M. Theories of thermoelectric 
Braunschweig, Wiss. Ges. Abh. 2: 149 

In German. 

The use of the Peltier effect for refrigeration is 
discussed. The assumptions and results of the 
theory of Altenkirch (1912) in which, under 
idealised conditions, the practical use of the 
Peltier effect is considered, are briefly stated and 
discussed. Altenkirch’s theory, which is concerned 
with thermocouple components of cylindrical form 
only, is then extended to other non-cylindrical 
forms. It is shown that even a small contact 
resistance at the cold junction has a considerable 
harmful effect on the attainable cooling and on the 
efficiency of the electrothermic process. It is con- 
cluded that with modern materials electrothermic 
refrigeration should now be practically possible. 

Digest also appears in Refrig. Eng. 58: 1079, 
Nov. 1950. 

1165. General Electric Co., Schenectady, N. Y. 
Some considerations on the effect of constant 
Thomson coefficients upon the theoretical efficiency 
of thermopile generators. by D. L. Kerr. 37 p., 
illus., Sept. 1958. (WADC Tech. Note 58-245) 
(Contract AF33-(616)5281) (AD-210 835). 

Consideration is given to determination of the 
theoretical efficiency of a thermopile generator 
when the thermoelectric powers of the materials 
vary in such a manner that the Thomson co- 
efficients are constant. For such a case, the 
theoretical expression for efficiency is derived for 
the condition where the properties of the p and 
n-type materials are not equal to one another but 
where the thermal conductivity and electrical 
resistivity of each material are constant. This 
expression is then simplified to the case where the 
properties of the p and n-type materials are equal 
in magnitude. Calculations were carried out to 
compare the resulting values of efficiency with 
the approximate values obtained by using an 
average figure of merit in the conventional ex- 
pression for efficiency. This latter expression is that 
which is obtained by assuming no Thomson effect. 
These results show that over the range of variables 
considered, the use of a proper average figure of 
merit in the conventional efficiency expression will 
give results of acceptable engineering accuracy. 
For such cases, use of the more exact and more 
complicated expression for efficiency is thus not 
necessary. (TAB p. 5257, Dec. 1, 1959). 

1166. General Electric Co., Schenectady, N.Y. 
Some considerations of required radiating surface 
area for thermopile generators in space applications, 
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by D. L. Kerr. 28 p., Aug. 1958. (WADC Tech. 
Note 58-244) (Contract AF33(616)-5182). 
Consideration is given to the radiating surface 
area required to reject, by means of thermal 
radiation, the waste heat from a power package 
located in space. Particular emphasis is placed 
upon the case where such a space power package is 
a thermopile generator. Some of the information, 
however, is applicable to the general case of any 
space power package which rejects heat by means 
of thermal radiation. For a thermopile generator 
ina space application rejecting waste heat by means 
of thermal radiation, it is shown that there is an 
optimum cold junction temperature for minimum 
required area of radiating surface assuming a given 
figure of merit and hot junction temperature. It is 
further shown that when the cold junction tem- 
perature is assumed to be equal to the temperature 
of the radiating surface, the ratio of this optimum 
cold junction temperature (absolute) to the 
temperature (absolute) of the hot junction shows 
little variation with either hot junction tempera- 
ture, figure of merit, or the ratio of external elec- 
trical resistance to the resistance of the thermo- 
electric materials. For operating conditions in the 
ratio of interest, this ratio lies between 0-75 and 
about 0-80 except for very low hot junction 
temperatures in cases where solar radiation is 


absorbed. Values of the minimum required radia- 
ting surface area and overall thermal efficiency 


under such conditions are given for a wide range of 
materials, properties and hot junction temperatures. 

1167. Gotpsmip, H. J. Use of semiconductors in 
thermoelectric generators. Res. 8: 172-176, 1955. 

Discusses efficiencies, figure of merit, selection 
of semiconductors, and practical cnosiderations. 

1168. GoLpsmip, H. J. and DouGLas, R. W. 
The use of semiconductors in thermoelectric 
refrigeration. Brit. J. Appl. Phys. 5: 386-390, 
Nov. 1954. 

Factors governing the selection of 
semiconductors are discussed. The material should 
have a high atomic weight and the thermoelectric 
power should lie between 200 and 300 uV per 
degree C. Calculations show that the maximum 
cooling obtainable with an n-type Ge/metal 
junction is about 2 degrees C, but that cooling of 
as much as 28 degrees C should be obtainable with 
a p-type-Bi.Te,/Bi junction; cooling of 26 degrees 
C was actually obtained using elements of length 
I cm and respective cross-sections of 0:25 cm? 
and 0-03 cm?, with a current of 6:SA. The calcu- 
lated figure of merit was 0-475. The possible 
application of the inverse effect in solar-energy 
thermoelectric generators is mentioned. 


suitable 


1169. Great Britain. Telecommunications Re- 
search Establishment, Farnborough, Hants. Notes 
on design of radiation thermocouples. 4 p., June 29, 
1948. (Memo. L3/49/-TSM). 

Using materials of given thermoelectric powers, 
the expected performance of a thermocouple made 
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of these materials is calculated, and the figures 
compared with characteristics of some thermo- 
couples made at TRE. 

1170. Greerr, M. B. A note on thermoelectric 
generation of current. /. Appl. Phys. 21: 943, 1950. 

Telkes has given a formula for the efficiency of 
any thermocouple for which the Wiedemann- 
Franz—Lorenz law applies. Calculations show that 
the efficiency of a thermocouple may be much 
higher than has been hitherto anticipated provided 
that couple delivers power above 200uV per °C. 

1171. HARMAN, T. C. Multiple stage thermo- 
electric generation of power. /. App/. Phys. 29: 
1471-1473, Oct. 1958. 

The efficiency equation for any 
thermoelectric generators thermally 
derived. The design relationships for maximum 
efficiency and for maximum power transfer of a 
multiple stage thermoelectric generator are also 
given. Since the efficiencies are approximately 
additive, an appreciable generator 
efficiency is anticipated by use of multiple stages. 

1172. Ilorre, A. F. and others. Thermoelectric 
cooling in refrigeration engineering. K/olod. Tekh. 
33: 5-16, 1956. 

In Russian. 

Translation in Infosearch Tech. Lit. Info. Serv. 
Semiconductor Applications. Russian Lit. Survey 
SEM-3-57, p. 1-1—1-22, illus., June, 1957. 

The article is devoted to a brief outline of the 
physical phenomena which form the basis of 
thermoelectric cooling, discussion of the principal 
thesis of the theory of thermoelectric cooling 
evolved by Acad. A. F. Ioffe, and description of the 
thermoelectric refrigerators constructed in 


number of 
in series is 


increase in 


first 
Russia. 

1173. Iorre, A. F. 
Akad. Nauk. SSSR. Ser. Fiz. 
Jan. 1956. 

In Russian. 

Translation in Infosearch Tech. Lit. Info. Serv 
Russian Lit. Survey SEM-1-56, p. 1-1-1-6. 

Basic design formulas are given and discussed. 
Using a semiconductor layer 0:5 cm thick, with 
thermoelectric coefficient 170 10-® V/deg., a 
temperature difference of 300°C across it, and a 
heat input of 11-6 W/cm,, and assuming a specific 
mass of 5 and an efficiency of 8 per cent, an output 
of 0:2 kW/kg may be obtained. 

K. On the efficiency of 
Tverdovo Tela. 


generators, 
20: 76-80, 


Thermoelectric 
Dok 


1174. loRDANISHVILI, E. 
refrigeration thermoelements. 
1: 654-665, Apr. 1959. 

In Russian. 

Trans. in Soviet Phys. Solid State. 1: 
Apr. 1959. 

It is shown that by taking the non-linear tem- 
perature distribution into account along the 
branches of a refrigeration thermoelement, and at 
the same time taking into account the temperature 
variations of the thermal emf, the electrical con- 
ductivity and the thermal conductivity of the 


595-596, 
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material from which the thermoelement is made, 
it is possible to express the efficiency of the thermo- 


element as Z a*o/k, a function of the tempera- 
ture differential across the thermoelement. It is 
experimentally that for modern 

Tmax 60), z increases by 
Twork Sto 10. 


established 
thermoelements ( 


20 to 25°, for 


1175. Jensen, H. H. and Meyer, N. Thermo- 
electric effects in semiconductors and their practical 
application in refrigerating elements. /ng. 68: 
165-175, Mar. 1, 1959. 

In Danish. 

[he various thermoelectric effects are defined 
and a qualitative explanation given of their 
physical origins and of the reason why their magni- 
tude in semiconductors greatly exceeds that in 
metals. The Peltier calculated for an 
extrinsic semiconductor using classical statistical 
treatment. The maximum attainable temperature 
difference and the efficiency of the element are 
calculated as functions of z, making certain 
simplifying assumptions. Experimental and theo- 
retical bases for choice of optimum semiconductor 
composition are Recent work has 
enabled a temperature difference of 80°C (from 

80 to OC) to be obtained using bismuth 
telluride as a semiconductor. The use of the Peltier 


effect is 


considered. 


effect in the design of small domestic refrigerators 
is discussed. 
Radiator areas of thermopile 


{ero Spa Ene. 18 5 62. 


1176. Kerr, D. I 
generators in space. 
66, figs., Sept. 1959 

It is shown that there is an optimum cold junc- 
tion temperature resulting in a minimum required 
area of radiating given material 
properties and a given hot junction temperature. 
The ratio of this optimum absolute cold junction 


surface for 


temperature to the absolute hot junction tempera- 
ture lies between 0-75 and 0-80 for a wide variety 
of conditions. Resulting values of the minimum 
required radiating surface area and overall thermal 
efficiency are presented for a broad range of 
material properties and hot junction temperatures. 


thermoelectric 
Mar. I, 


Efficiency of 
Z. 78: 182-187, 


1177. Kucu, A. 
generators. Elektrotech 
1957. 

In German 

Mathematical. Equations deduced for calcula- 
tion of the efficiency of the generation of electricity 
from heat through thermocouples. The efficiency 
at first increases quadratically with the thermo-emf, 
then approaches a peak asymptotically. At TE 
coefficients of 2 to 5 mv/ K. the generator reaches 
80 to 90°, of the Carnot efficiency. To get load 
balancing from high output generators, the ex- 
ternal resistance must be made very much larger 
than the internal resistance as in normal d.c. 
generators. The optimum load resistance is inde- 
pendent in this case of the operating temperature 
and TE properties of the generator within wide 


limits. The case of couples of low TE effects is also 
discussed. 

1178. Lukacs, Jozser. Thermoelectric genera- 
tors using semiconductors. E/ektrotekhnika. 50: 
121-130, Apr. 1957. 

In Russian. Not examined. 

Certain industrial applications are discussed of 
thermoelectric generators and their efficiency 
studied. The potentialities are investigated of 
building a thermoelectric generator with semi- 
conductors based on the Nernst-Ettingshausen 
effect. Certain theoretical aspects are treated. 

1179. S. Efficiency of thermo- 
electric engine. Am. Phys. Soc. Bull. 3: 129, Mar. 
27, 1958. 

Abstract only. 

Concerns suggestions for 
efficient operating conditions. 

1180. MADELUNG, Theory of con- 
duction in isotropic semiconductors. Z. Naturforsch. 
9a: 667-674, Jly., Aug. 1954. 

In German. 

The classical theory is developed and the 
equations for electrical and thermal current 
density are established. From these equations the 
coefficients of all the galvanomagnetic, thermo- 
electric and thermomagnetic effects are derived. 
Expressions for these coefficients are tabulated for 
small values of magnetic field strength, for de- 
generate and non-degenerate semiconductors 
with given scattering mechanism. 

1181. Martin Co. Flight Vehicles Design 
Department, Baltimore, Md. Silent electric 
generator utilizing thermoelectrics, by A. A. 
SORENSEN. 17 p., illus., Oct. 1958 (ADA R-013) 
(Res. Memo. 11). 

The concept of an electric generator utilising 
thermoelectric elements is outlined the 
advantages for military use due to its quiet opera- 
tion described. Calculations are used to determine 
the parameters required of the elements in order to 
produce an output of 1000 watts. Values from heat 
transfer calculations and the resulting size and 
weights are tabulated. 


1182. Massachusetts Institute of Technology, 
Cambridge, Mass. Thermoelectric effects in silver 
halides, by WALTER GRatTTiIpGe. 15 p., 1954. 
(Tech. Rept. 272). 

The theory of electric conductivity and thermo- 
electric effects in ionic crystals is reviewed briefly. 
AgCl and AgBr crystals in well-annealed, quen- 
ched, and intermediate states were measured. 
Ag electrodes were deposited chemically on oppo- 
site surfaces of each specimen. Ni electrodes were 
attached, and the entire assembly mounted in an 
evacuated glass envelope. Data are reported over 
the temperature range 30-300°. For AgBr, con- 
ductivity and thermal emf are independent of the 
previous history of the sample. This is not true 
of AgCl. Previously reported data are compared. 
An appendix contains a description of a scale 


finding the most 
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expander used to modify a 10- or 25-mv recording 
potentiometer for various full-scale ranges from 
0-5 to 10 mv. 


1183. Massachusetts Institute of Technology. 
Servomechanisms Laboratory, Cambridge, Mass. 
The efficiency of thermoelectric generators, by J. M. 
Borreco, H. A. LypEN and JOHN BLarR. 75 p., 
illus., Sept. 1958. (WADC Tech. Note 58-200) 
(Contract AF33(616)-3984) (AD-206-383). 

The thermoelectric effects are described and the 
efficiency of a thermoelectric generator is developed 
based upon the assumptions that the thermal con- 
ductivity, the electrical resistivity and the Thomson 
coefficient are constant along the length of the 
material. This development differs from the usual 
ones presented in the literature in that the thermo- 
electric power is not assumed to be constant but 
instead is assumed to vary with temperature in a 
manner so that y Tda/dT is a constant. The 
resulting expressions for the efficiency and the 
figure-of-merit differ slightly from those previously 
reported in the literature. This difference is in- 
vestigated in detail with respect to the expressions 
developed by A. F. Ioffe. An analysis is presented 
concerning the dependence of the efficiency of a 
thermoelement upon its doping concentrationand a 
procedure is developed for maximising the effi- 
ciency as a function of this parameter. Lastly the 
case of temperature dependent k, p and is investi- 
gated and equation are developed by which, if the 
temperature dependence of these parameters is 
known one can accurately determine the material’s 
efficiency as a thermoelectric generator. 


1184. Momota, TSUNEO and MATSUKURA, 
Yasuo. Efficiency of solar thermoelectric generators 
composed of semiconductors. Conf. Uses of Solar 
Energy, Tucson, 1955, Trans. 5: 21—30, 1955. 

Some general theoretical equations were derived 
for the efficiency of semiconductor thermogenera- 
tors at maximum output, both for the degenerate 
case and the non-degenerate case. The values are 
plotted as a function of k/u, where K is heat cond. 
(watt cm.-! C-") and wu is carried d. (sq. cm. v.~! 
sec.-') for various values of n, the carrier d 
(cm-*), at T, = 500 K and T, 300 K. For any 
kind of semiconductor, the efficiency does not 
exceed 20°{ for these temperatures. Experiments 
on TiO, semiconductors are described. The ob- 
served values are somewhat higher than the 
theoretical values, and this discrepancy is dis- 
cussed. For the above temperatures, the maximum 
efficiency observed was about 1. It is suggested, 
for the general semiconductor generator, that 
materials having low values of k/ and having high 
carrier d., n, be used. The efficiency of PbTe 
(for k/u = 2-5 10-° and n = 10°°) is 16% for 
the above temperatures. 


1185. North Carolina State College, Raleigh, 
N.C. The measurement of thermal properties of 
nonmetallic materials at elevated temperatures, 
Final Report, by K. O. Beatty, Jr. and A. A. 


329 
ARMSTRONG. 59 p., June 30, 1956. (ORO-170) 
(Contract AT (40-1)-1319). 

In the first part the principal results of the 
mathematical analysis are given in useful form and 
a description of the application of these results to 
the interpretation of data from experimental runs 
is given. In the second part a more detailed 
account is given of the 13 different sets of boundary 
value problems and their solutions that have been 
used in narrowing the gap between mathematically 
judicious and physically possible conditions. 

1186. O’Brien, B. J. Cascading of Peltier 
couples for thermoelectric cooling. /. App/. Phys. 
27: 820-823, Jly. 1956. 

The cooling of a single thermoelectric junction 
is limited to a certain temperature difference by the 
properties of the elements used, but this limitation 
may be overcome by using a number of thermo- 
couples in thermal cascade. A simplified theory of 
this is given, and results in good agreement are 
obtained with a two-stage cascade which is 
described in detail. It is shown that such a cascade 
is in theory more efficient than a single couple in 
all circumstances. 


1187. Paper, R. Remarks on the efficiency of 
thermoelectric generators. J. App/. Phys. 19: 1180, 
1948. 

Discussion of Telkes’ formulae for calculating 
the efficiency of thermoelectric generators. 


1188. PerKinG, J. F. Optimum loading of a 
thermoelectric generator. J. Appl. Phys. 25: 1058, 
Aug. 1954. 

It is shown that the maximum efficiency 
corresponds to maximum output. For typical cases, 
efficiencies as high as 30-40°¢ should be possible. 


Optimal loading of a 
Appl. Phys. 25: 


1189. Perkins, J. F. 
thermoelectric generator. J. 
1058, Aug. 1954. 

Discussion of Telkes’ method for calculating 
TE generator efficiency. 


1190. PescHKe, K. Thermoelements and thermo- 
electric d.c. generators. Arch. Elektrotech. 43: 
328-354, Nov. 29, 1957. 

In German. 

“Detailed theoretical investigation of thermo- 
dynamic efficiency taking account of the various 
thermoelectric effects, and changes in resistivity 
and thermal conductivity. Higher efficiencies should 
be obtainable than those indicated by other 
authors. Problems of construction and mechanical 
strength are also considered.” Electron. & Radio 
Engr. 35: A170, Oct. 1958. 

Abstract also in Sci. Abs. 61B: 1340, Mar. 1958. 


1191. Rircuey, B. B. and VOGELSANG, C. A. 
Current from temperature. IJnstrumentation 9: 
25-28, Sept./Oct. 1956. 

Discusses several basic laws governing thermo- 
couples from the standpoint of their practical 
application. 
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and TALLENT, R. J. Solar- 
generators design con- 
illus., 


ScHuH, N. F. 
thermoelectric 
ippl. & Indus. 45: 


1192. 
powered 
siderations. 
Nov. 1959. 

This paper presents, in a brief manner, some of 
the principles and problems which may be ex- 


pected thermo- 
electric generator serving a space vehicle and also 
describes a small thermoelectric 
generator which was constructed to study these 
problems. Article with same title appears in Elec. 
Eng. 78: 1172-1176, Dec. 1959. Also issued as 
AIEE. Transactions Paper 59-847. 


1193. SHERMAN, B., Herkes, R. R. and UReg, 
R. W., Jr. Calculation of efficiency of thermoelec- 
tric devices. J. App/. Phys. 31:1—16, figs., Jan. 1960. 

A procedure has been developed for the exact 
efficiency of thermoelectric 
cooling devices in which the 
materials have arbitrary 
High-speed computer 
Approximate 
discussion 


in applying solar energy to a 


sola r-pow ered 


calculation of the 
generators and 
parameters of the 
depe ndence. 
found necessary. 
methods are reviewed and _ their 
extended. A number of examples are worked out 

and approximate methods. 


temperature 


techniques are 


by both the exact 
Comparison of these results show that the approxi- 
mate methods agree with the exact method to 
about 5°, in the case of power generation and to 
about 15 in the case of the refrigeration co- 
efficient of performance. However, in the case of 
the maximum heat pumping deviations as 
of 2 are found. 


rate 
large as a factor 

1194. Str’BANS, L. S. and Feporovicn, N. A. 
On the work of cooling thermoelectric cells under 
conditions. Zhurn. Tekh. Fiz. 28: 
1958 


non-stationary 

489-492, Mar 
In Russian 
lranslation in Infosearch Tech. Lit. Info. Serv. 

Russian Lit SEM-5-58, p. 11-1-11-5. 


The operation of a cooling thermoelement under 


Survey 


transient conditions has been studied theoretically 


and experim It is shown that the inertial 
(lag) of the thermoelement is proportional to the 
square linear dimensions. The lad depends 
also on the working current and may be reduced 
to a fraction of its normal value by using pulsed 
current with an amplitude exceeding the value of 
the optimum current with stationary conditions. 
Under operating conditions, a thermo- 
element a short period of time attain 
temperatures than the minimum 
temperature stationary 


pulsed 
may for 
much 


attainable 


lower 
under con- 
ditions 

See also Soviet Phys. Tech. Phys. 3: 460-463, 
Mar. 1958. 


1195. L. S. viborie sootnosh- 
cheniya sechenii vetviu poluprovodikovikh termo- 
elementoy. (On selection of correlation of branches 
in a semiconductor thermoelectric cell). Zhurn. Tekh. 
Fiz. 28: 262-263, Feb. 1958. 

In Russian. 


Tech. Lit. 
SEM-5-58, 


Translation 
Info. Serv. 
p. 9-1-9:-2. 

loffe has shown that the efficiency of a thermo- 
electric cooling element is maximised when the 
ratio of the cross-sectional areas of the two 
components has a calculable value. The author 
shows that in such a case there is only a very small 
reduction in efficiency if the ratio is made unity for 
simplicity of manufacture. 


appears in Infosearch 
Russian Lit. Survey 


1196. StRATTON, R. The figure of merit of a 
thermoelectric generator. J. Electron & Contr. 7: 
73-76, Jly. 1959. 

Optimum conditions are deduced for a thermo- 
electric generator or refrigerator with n- and p-type 
semiconducting branches which have different 
physical parameters. The results are related in a 
simple manner to the previously calculated opti- 
mum conditions for the individual figure of merit 
of a single substance. 


1197. SwANson, B. W. and Somers, E. V. 
Optimization of a conventional-fuel fired thermo- 
electric generator. J. Heat Transfer. 81: 245-248, 
figs., Aug. 1959. 

The purpose of this report has been to investigate 
conditions for optimising the thermal efficiency of 
the design of a conventional-fuel-fired thermo- 
electric generator. Equations have been developed 
for the following: (1) The temperature distribution 
of the heated gas in a circular duct type of genera- 
tor, that maximises the thermoelectric power out- 
put, with respect to the temperature distribution 
within the duct and the exit gas temperature at the 
end of the duct; (2) The thermoelectric power 
developed, based upon these optimising tempera- 
ture criteria; (3) The required variation of thermo- 
electric element thickness required to satisfy both 
optimising temperature criteria; (4) Thermal 
efficiency under optimum conditions. 


1198. Terkes, MARIA. Power output of thermo- 
electric generators. J. App/. Phys. 25: 1058-2059, 
Aug. 1954. 

Discussion of TE generator efficiency calculation. 


1199. UcutyaMa, S. Theory of thermoelectric 
refrigeration. Nagoya Univ. Mem. Fac. Eng. 9: 
321-329, Nov. 1957. 

‘A theory of the temperature distribution in the 
n-type and p-type elements of a thermoelectric 
refrigerator, that takes the Thomson effect into 
account and eliminates earlier discrepancies 
between experimental results and theoretical values 
is developed. Whereas the maximum temperature 
difference is smaller, the current corresponding to 
the maximum temperature difference is larger than 
predicted by earlier theories. The effect of changing 
the carrier concentration, along the direction of 
current flow, and the cross-sectional area of the 
elements to achieve a maximum temperature 
difference is investigated.” Sci. Abs. 62A: 2366, 
1959. 
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1200. VikHorEV, G. and Narr, V. The effect of 
heat-transfer on the characteristics of semicon- 
ductors and heat-pumps. Fiz. Tverdogo Tela. 1: 
903-907, June 1959. 

In Russian. 

“A linear heat-transfer coefficient is assumed 
between each reservoir and the corresponding 
thermocouple junctions. The regime of the 
thermopile at given reservoir temperatures is 
calculated as a function of working current. The 
dependence of optimum current on the heat- 
function coefficient is examined for a range of 
practical values, and found to be negligible, 
although the efficiency, and other parameters, are 
considerably altered. [The quantity z not defined 
in the text, should read as (e?/pA) deg-!].” (Sci. 
{bs. 62B: 7217, Dec. 1959). 


1201. Westinghouse Electric Corp., Pittsburgh, 
Pa. Weight and volume considerations in design of 
thermoelectric generators. by E. 
fig., Nov. 6, 1957. 


V. SoMERS, 6 p., 


(Res. Memo. 8-0867-M2X). Limited availability. 


1202. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Optimization of the available 
power of a closed-cycle thermoelectric generator, 
by B. W. SWANSON and E. V. Somers. I! p., figs., 
Oct. 23, 1958. (Res. Rpt. 431FD282-R5-X). 

Limited availability. 

This report is a part of Westinghouse Research 
Thermoelectricity Report 12, dated 
January 1959. 


Progress 


1203. Westinghouse Research Laboratories. 
Pittsburgh, Pa. Thermoelectricity. 35 p., Oct. 10, 
1958, (Prog. Rpt. 9) (Contract NObs-72361). 

Limited availability. 

RR431FD282-R4-X, Optimization of the Avail- 
able Power and Power Density of a Fuel-Fired 
Thermoelectric Generator, by B. W. Swanson and 
E. V. Somers, 17 p. RR414FD307-R1, Design 
Procedure for Thermoelectric Power Generators, 
by S. J. Angello, 18 p. 


se 
5 


APPLICATIONS 


(Power Generators) 


1204. AcHESON, E. G. Thermoelectric generator. 
U.S. Patent 375, 242, Dec. 20, 1887. 

A passage of heat through gas films produces 
an emf in this generator. A mixture of bioxide of 
manganese and chlorate of potash is contained 
in a cylindrical jacket which surrounds a gas 
burned. Oxygen enters the mixture at the bottom 
and escapes from it at the top of the cylinder. 
The emf is generated between the top and bottom 
of the cylinder. 

1205. Armour Research Foundation, Chicago, 
Ill. The design, development and construction of a 
heat production and distribution device, by H. E. 
ROBINSON. Final Report. Sept. 30, 1953. (Contract 
DA44-109-qm-1154). 

Part I. Thermoelectric generators, p. 100-108. 

Appendix A—Thermoelectric principles and 
data, p. Al-A20. 

1206. Arvin, M. J. Thermoelectric generator 
and methods for production of same. U.S. Patent 
2,702,828 (to Milwaukee Gas Speciality Co.). 

A thermoelectric generator comprising an annu- 
lar electrically insulating disc having a generally 
axial opening therein, a first thermoelectric 
generator material in the form of a circum- 
ferentially continuous coating disposed solely on 
one side of said disc and partially around the inner 
edge of said disc at the periphery of said opening, 
and a second dissimilar thermoelectric generator 
material disposed solely on the other side of said 
disc, and partially around the inner dege of said 
disc at the periphery of said opening and meeting 
and electrically joined endwise along the inner edge 
of the disc at the periphery of the opening therein 
to the contiguous edge of the said first thermo- 
electric generator material to form a_ thermo- 
junction which is circumferentially continuous 
about the periphery of said opening. 

1207. ‘Atomic battery’’: direct conversion from 
atomic radiation to electrical energy. Direct 
Current. 2: 135-137, Sept. 1955. 

Mound Laboratory, operated by Monsanto 
Chemical Company for Atomic Energy Com- 
mission, has developed “‘atomic battery” which 
makes use of series of thermocouples joined to 
make up a thermopile for purpose of converting 
heat from radioactive decay into electrical energy; 
present state and possible future of this develop- 
ment. 

1208. BARMAT, M., ANDERSON, G. M. and 
E. W. Snap-Iil-electricity from radio- 
nuclides and thermoelectric conversion. Nuc/leonics. 
17: 166-174, May 1959. 

A demonstration model of a_ radio-nuclide 
battery is described. It is designed to generate 
electrical power from the heat of radioactive 
disintegration. The model consisted of a small 
central heat source containing 1,760 curies of 
Po?!°, 54 semiconductor thermoelectric elements, 


and an outer shell designed to radiate heat to 
full space. The characteristics of a full-scale 
device are tabulated. 

1209. Bassett, C. D. Practical thermoelectric 
generator. Power Generation, 53: 74-77, Aug. 1949, 
discussion, 54: 76-78, Jan. 1950. 

The Peltier effect, the thermodynamics of 
electrical phenomena, the Fitterer thermocouple 
and its construction and use in the steel industry 
are discussed. Proposes a thermoelectric generator, 
and discussed theory and practical construction. 

1210. Bathroom heater employing thermoelectric 
principle developed by Lone Star Gas Co. Gas Age, 
124: 30-31, illus., Oct. 15, 1959. 

Designed for ceiling installation, the unit 
combines the use of a recently developed radiant 
type burner for its heat source and a series of 24 
small thermocouples to generate thermoelectric 
energy. The latter power a built-in handling fan to 
increase efficiency of the unit by recovering a por- 
tion of the exhaust heat. The automatic valve 
controls are also operated by thermoelectricity. 
The heater operates on gas. Design characteristics, 
illustrations, and costs are given. 

1211. Baum, V. A. and OxkuotTin, A. S. Test 
results of two experimental solar thermoelectric 
generators. Teploenergetika. p. 68-70, 1957. 

In Russian. 

Tests on the STG-! and STG-2 generators are 
recorded. Both contained 70 blocks, each of 12 
ZnSb-constantan thermocouples. The STG-2 
generator was used with a paraboloid mirror and 
produced 18-9 W at 21 V. The efficiency of the 
generator was 1-42°% and that of the whole plant 
0-8%. 

1212. Berz, G. E. Raub’s new thermoelectric 
battery. Elec. Rev. 22: 332, 1888. 

Three different models of the Raub generator 
are described. Their output ranges from 25 watts 
for the smallest to about 68 watts for the largest. 
Each model has an emf of 3 volts. Each generator 
comprises a vertical cylinder with a gas burner at 
the bottom. 

1213. Berz, W. L. A.C. Release of thermoelectric 
devices. Elec. Eng. 74: 227-230, Mar. 1955. 

Thermoelectric shut-off devices are used to 
discontinue operation of gas burners should pilot 
flame be extinguished or decreased to unsafe pro- 
portions: these devices can be made to operate in 
response to situations other than the pilot flame 
conditions by superposition of a.c. on thermo- 
electric current flowing through electromagnet 
winding; a.c. release may be employed for limit 
control operations or as usual means to terminate 
burner operation. (AIEE conference paper 
CP55-237). 

1214. Briccs, J. L. and Sirois, L. J. Radio- 
isotope thermoelectric generator. Jnst. Radio 
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Engrs. Convention Record 5 (Pt. 9): 69-74, 1957. 
Recent advances in the field of solid-state 


physics have greatly enhanced the possibility of 


developing a practical thermoelectric generator 
for power supply electronic equipments. The possi- 
bility of utilising an efficient thermopile driven by 
decay energy derived from isotopes is suggested. 
The course of development of this device at RADC 
will encompass three problem areas: (1) geometry 
and packaging of radioisotope thermal source; 
(2) development of efficient thermopile, and (3) 
consideration of circuits best suited to this type 
of power supply. 
CLARK, I Clamond’s thermoelectric 
battery. Elec. Rev. 4: 154-157, 1876. 

Several different models of the Clamond genera- 


tor are described. They vary in output from 1-5 to 


1215. 


25 watts. Twenty elements give about one volt. 
Operation of the generators requires about one 
cubic foot of gas per hour per twenty elements. 
The positive element is comprised of two parts Sb 
and one part Zn, and the negative of tinned sheet 


iron. 


1215. Cook, J 


U.S. Patent 1,083,191, Dec. 


Thermoelectric generator. 


30, 1913. 


A compact thermoelectric generator has plate- 


elements of: (1) an antimony-selenium alloy, and 
(2) a bismuth aluminium alloy. Steam is fed into a 
central duct located within the vertically stacked 
hot junctions. Cold water is fed into a similar duct 
located within the stack of cold junctions. After 
considerable use the steam and the cold water feeds 
may be reversed. The current flow will then be 
reversed and deterioration caused by prolonged 
use with current flowing in one direction will be 
nullified. 

1216. Cove, G. H. Thermoelectric battery and 
apparatus. U.S. Patent 824, 684, June 26, 1906. 

A generator comprises vertical elements of anti- 
mony imbedded in a block of non-combustible 
insulating material. The positive elements are 
alternately German silver and copper. The output 
is about 1-5 watts. 

1217. Cox, H. B. Cox thermoelectric generator 
for the conversion of heat directly into electrical 
energy. Elec. Eng. 19: 383-385, 1895. 

Three different models of the Cox Generator 
are described. They vary in output from 27-5 to 
275 watts. The large generator resembles a coal- 
burning stove. An external water jacket cools the 
cold junctions. 

1218. Cox, H. B. Thermoelectric 
U.S. Patent 434, 427, Aug. 19, 1890. 

The novelty of this invention lies in the method 
of cooling the cold junctions. Curlicue radiator 
strips protrude from the cold ends of the elements. 

1219. Cox, H. B. Thermoelectric generator. 
U.S. Patent 434, 428, Aug. 19, 1890. 

A generator is in the form of a cylindrical 
furnace. A water jacket on the outside cools 
the outer junctions. 


battery. 


1220. Cox, H. B. Thermoelectric generator. 
U.S. Patent, 434, 500, Aug. 19, 1890. 

The hot junctions of this generator are coated 
with fireproof cement which holds them together 
around the central heat source. 

1221. Cox, H. B. Thermoelectric generator. 
U.S. Patent 529, 711, Nov. 27, 1894. 

Hot water circulates around the hot junctions 
of the generator. A separate water cooling system 
maintains the cool junctions at a lower temperature. 

1222. Cox, H. B. Thermoelectric generator. 
U.S. Patent 525, 488, Mar. 12, 1895, and also 
Patents 535, 489 and 535, 490. 

Details of construction and improvements are 
described for a cement-coated thermocouple. 
Cox, H. B. Thermoelectric generator. 
U.S. Patent 546, 517, Sept. 17, 1895. 

Heat is applied to the centre of the thermopile 
by the circulation of hot air; cooling of the outer 
junctions is accomplished by circulation of a 
cooling liquid. 

1224. DANrEL’-BEK, V., VORONIN, A. and 
ROGINSKAYA, N. Thermoelectric generator TGK-3. 
Radio (USSR). p. 24-26, Feb. 1954. 

In Russian. 

Description of a paraffin-lamp-driven generator 
for use with battery-type receivers. The outputs 
are 2V 2A for the vibrator ht unit and 2V 0-5A for 
heaters. A 1-2-V, 0°:36A tapping is also provided. 
Semiconductor-type thermoelements are men- 
tioned as being more efficient than pure-metal 
thermocouples. 

1225. DarRAH, W. A. Thermocouple. U.S. 
Patent 1,667,142, Apr. 24, 1928. 

The thermoelectric converter of electric energy 
comprises German-silver and antimony elements 
which are sprayed on asbestos sheets. Its output is 
2 or 3 amperes at 6 volts. The heating means is an 
electrically heated nichrome coil. 


1223. 


1226. DucH, GABRIEL. Thermoelectric battery. 
U.S. Patent 1,587, 707, June 8, 1926. 

The generator comprises a stack of wire crowns, 
each formed of alternate portions of iron and 
constantan, and a central duct designed to carry 
waste heat. The maximum output is claimed to be 
58 milliamperes at 62 volts, or 6 watts. 


227. DuNN, R. H. Means for constructing a 
thermopile and for utilizing solar rays and other 
energy for the purpose of generating, transmitting, 
storing and using thermoelectricity. British Patent 
14,033, Jly. 7, 1899. 

An enveloping roof, transparent or opaque as 
desired, nonconducting both as regards heat and 
electricity and adapted to hold a thermoelectric 
arrangement of suitable metals or other substances, 
called a heliopile, for the purpose of transmitting 
solar heat or other energy into electricity. 

1228. Eastwoop, W. S., MUuLLETT, L. B. and 
PUTMAN, J. L. American miniature nuclear genera- 
tor, snap IIT. Nature, 183: 643-644, Mar. 7, 1959. 


Abstracts 335 


A note on a power supply system for telemetry 
apparatus in a space rocket. The decay energy of a 
radioactive Po capsule is converted directly to 
electrical energy by means of thermocouples, 
giving an output of 5 w with efficiency 8-10 per 
cent. 

1229. Eureka Williams Corp., Bloomington, III. 
Progress report no. 1. 20 May—30 June 1955, 
by L. G. WALLER, n.p., Jly. 28, 1955. (Contract 
Nord 15993) (AD-116G95). 

500 and 30-volt thermal batteries. 


1230. FarBer, E. A. and GLicksTein, M. R. 
Effects of junction manufacture on thermocouple 
emf generation. Paper 56-A-135 given at ASME 
Annual Meeting, New York, Nov. 1956. 6 p. 

1231. Faus, H. T. and RipGc-ey, D. E. Tellurium- 
bismuth thermoelectric element. U.S. Patent 
2,788,382 (to General Electric), Apr. 9, 1957. 

A Te thermoelectric element containing 0-01-— 
0-1°% Bi gives an emf of about 300 microvolts/°C 
against Cu. The variation of emf with temperature 
is essentially linear from 50 to 150°. Electric 
resistivity and emf against Cu range from 0-03 
ohm/cm and 360 microvolts/°C for an alloy con- 
taining 0-01 °, Bi to 0-01 ohm/cm and 300 micro- 
volts/°C for an alloy containing 0:1°¢ Bi. The 
thermocouples are operated at a hot junction 
temperature of 150° and the cold junction at 50°. 
The resistivity values are measured at 50°. 

1232. Finney, H. J. Thermoelectric generator. 
U.S. Patent 2,410,872, 7 p., illus., Nov. 12, 1946. 

Manually portable upright thermoelectric gene- 
rator with housing and base of novel construction 
and containing a compactly arranged liquid fuel 
burning means and thermopile. 

1233. Finney, H. J. Thermoelectric generating 
device. U.S. Patent 2,415,005, Jan. 28, 1947. 

The upright hollow thermopile has internal hot 
junctions and external cold junctions. An air 
stream cools the outer junctions. 

1234. First—the frame of reference—Moscow 
today. Prod. Eng. 29: 5-8, 10, illus., Jly. 14, 1958. 

Includes mention and illustration of a 3-watt 
thermoelectric generator used in rural areas. 

1235. 5000-watt thermoelectric generators. 
Eng. 81: 64, Jly. 1959. 

Announces thermoelectric generators to be built 
by the Carrier Corporation and the Westinghouse 
Electric Corporation for the U.S. Navy Bureau of 
Ships. 

236. Franklin Institute, Philadephia, Pa. De- 
velopment of thermocouples for use on thermo- 
electric generators. 10 p., 1951. (Quart. Prog. Rpt. 
P-2205-4). 

Summarises work from July 1—September 30, 
1951, on a programme of theoretical and experi- 
mental research conducted for the purpose of 
improving understanding of the thermoelectric 
properties of materials and of developing a thermo- 
couple of improved efficiency for use in thermo- 


electric generators. Concerned principally with the 
development of processes for quantity production 
of Zn-Sb thermocouple elemcnts and suitable 
means for soldering or fusing these elements to 
constantan. Preparation and thermoelectric pro- 
perties of PbS were investigated. Attention was 
given to problems involved in transfer of heat from 
the source to the hot junctions. 

1238. Frirrs, R. W. Thermoelectric generator. 
U.S. Patent no. 2,906,801 (to Minnesota Mining 
and Manufacturing Co.), Aug. 26, 1957. 

A thermoelectric generator comprising a pair 
of thermoelements, a support for said thermo- 
elements, and means including a resilient metallic 
thermojunction member electrically joining said 
thermoelements to provide a thermojunction, said 
resilient member also being operatively associated 
with said support and exerting a compressive 
stress on said thermoelement. 

1239. GEILUNG, LEONARD. Die  verwendung 
von thermoelementen in weltraum. (The application 
of thermoelements in space). We/traumfahrt. 2: 
59-60, June, 1951. 

In German. 

Using elements of 90°, bismuth and 10°% tin, 
and 75° tin and 25% cadmium, it is possible 
to obtain | KW power in the earth’s orbit for a 
total weight of 150 kgm and surface area of 
400 square meters. 

1240. LEONARD. Thermoelectric pile 
for transforming solar energy. Rev. Gen. Elec. 62: 
575-580, Dec. 1953. 

In French. 

Discusses the behaviour and efficiency of the 


thermocouple as a source of electric energy when 
heated by solar radiation collected and directed 
on to it by mirrors. About 500 kG of material is 
required per kW and about | km? of mirror area 
for 5000 kW. Internal resistance is high, energy 
storage is required, and d.c. to a.c. conversion is 


necessary. 

1241. General Electric Co. Knolls Atomic 
Power Laboratory, Schenectady, N.Y. Direct 
conversion of fission energy by the thermoelectric 
power of semiconductors, by J. W. Moyer. 5 p., 
Oct. 26, 1954. (Rpt. KAPL-M-JWM-1) (Contract 
W31-109-eng-52). 

The conversion of 
electrical using the enhanced 
properties of Ge is shown to be potentially the 


fission energy to 
thermoelectric 


direct 


most efficient process considered to date. A sample 
calculation shows that efficiencies in excess of 
15°% may be obtained. 

1242. Gorrscuo, L. Thermoelectric pile. U.S. 
Patent 650,062, May 22, 1900. 

The elements of the generator are bismuth and 
antimony. A star-shaped arrangement of wires 
join the hot and cold junctions. 

1243. Hate, L. E. Thermoelectric battery for 
motor vehicles. U,S. Patent 1,134,452, Apr. 6, 
1915. 
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The device is designed to supplant the storage 
battery on a motorcycle. The thermocouples are 
long strips lying lengthwise inside the exhaust 
pipe of the gasoline engine. The cold junction end 
of the exhaust pipe is equipped with cooling fins. 

1244. Heikes, R. R. Design of thermoelectric 
materials for power generation and refrigeration. 
Programme of the Fall Meeting of the Electro- 
chemical Society, Sept. 1958. 

Abstract only. 

An elementary discussion of a thermoelectric 


power generator was given in order to determine 


those physical parameters which enter the materials 
design problem. The present theoretical under- 
standing of these parameters was then discussed. 


1245. Hem, A. Thermoelectric U.S. 
Patent 808,086, Dec. 26, 1905. 

A thermopile has a vertically central heating 
chamber and radially disposed elements. 

1246. Heywoop, Haroip. Mechanical con- 
struction and thermal characteristics of solar- 
operated thermoelectric generators. Conf. Use Solar 
Energy, Tucson, 1955, Trans. 5: 8-20, 1958. 

A description is given of the mechanical 
construction of thermoelectric generators and the 
heat flow in such systems. The thermocouples were 
composed of Zn-Sb alloy and constantan. Flat- 
plate type and vapour-heated thermoelectric 
generators are considered. 

1247. Horne, R. A. Forming electrical contacts 
to thermoelectric materials. RCA Tech. Notes. 7: 
IN 305, Nov. 1959. 

Conventional soldering techniques fail to wet 
bismuth-tellurium thermoelectric materials thus 
making difficult the formation of a mechanically 
strong, low electrical resistance junction between 
these materials and electrical leads. 

The arrangement 
avoids these difficulties. 

1248. Horne, R. A. and Situ, L. B. Forming 
integral pressed contacts for thermoelectric units. 
RCA Tech. Notes 7: TN 304, Nov. 1959. 

The scheme described (with a drawing) concerns 
a method of making contacts to the thermo- 
electric materials which contacts are mechanically 
strong, readily soldered to copper electrical leads 
by usual methods, and which have a resistance only 
a few percent of the resistivity of the thermo- 
electric material of the unit. The arrangement can 
be used in thermoelectric devices such as refri- 
gerators, air conditioners and power generators. 


battery. 


described, with drawing, 


1249. Horizons, Inc., Cleveland, Ohio. Thermo- 
electric generators, by LLoyD Owens. Final Report. 
60 p., illus., Jan. 10, 1958. (Rpt. RADC-Tech. 
Rpt.-58-26) (Contract AF30(602)-1634). 

This report covers seven months of experi- 
mental engineering investigation leading to the 
construction of five breadboard thermoelectric 
generators. The maximum efficiency achieved was 
1-47°%% at a load of 2°6 volts with a 10 watt- 
15 cubic centimeter heat source. Two generators 


were constructed using chromel versus constantan 
as the thermoelectric materials; two were con- 
structed using ZnSb plus additions of Bi, Sn, Ag 
versus constantan, and one was constructed using 
ZnSb versus Bi-Te alloys. A method of improving 
commercial insulating materials was found. The 
design parameters governing the choice of the 
number of junctions, apportionment of heat flow, 
temperature difference and internal resistance in 
their relationship to efficiency was studied. 

1250. Investigations of direct generation of 
electricity from heat underway. /nstr. Soc. Am. J.5: 
72, Jly. 1958. 

Brief note on a process involving use of a power 
plant known as a thermoelectric generator. 


1251. loGANSON, N. E. Semiconductor genera- 
tors of control current. Elektricheskie Stantsii. 28: 
74-75, 1957. 

Translation in Infosearch Tech. Lit. Info. Serv. 
Russian Lit. Survey SEM-3-57: 6-1—6-5, illus., 
June 1957. 

Description of thermoelectric generators and 
their capabilities. 

1252. Jones, R. V. Design and construction of 
thermoelectric cells. J. Sci. Instr. 11: 247-257, 1934. 

A typical antimony-cadmium alloy cell has a 
receiving area 0-05 centimeter square and develops 
55 microvolts if a candle is placed one meter 
distant. 


1253. JorDAN, K. C. Thermo-electric generator 
(to U.S. Atomic Energy Commission) U.S. Patent 
2,844,639, Jly, 22, 1958. Nuclear Sci. Abs. 13: 
994, 1959. 

The conversion of heat energy into electrical 
energy by a small compact device is described. 
Where the heat energy is supplied by a radioactive 
material and thermopiles convert the heat to 
electrical energy. The particular battery construc- 
tion includes two insulating discs with conductive 
rods disposed between them to form a circular cage. 
In the centre of the cage is disposed a cup in which 
the sealed radioactive source is located. Each 
thermopile is formed by connecting wires from 
two adjacent rods to a point on an annular ring 
fastened to the outside of the cup, the ring having 
insulation on its surface to prevent electrical 
contact with the thermopiles. One advantage of 
this battery construction is that the radioactive 
source may be inserted after the device is fabri- 
cated, reducing the radiation hazard to personnel 
assembling the battery. 

1254. Kacu, A. Zur frage des wirkungsgrades 
thermoelektrischer generotoren. (On the question 
of efficiency of thermoelectric generators). Elektro- 
tech. Z. 78: 182-187, Mar. 1, 1957. 

In German. 

Translation no. 58-1095 available from SLA 
Translation Center, Crerar Library, Chicago, III. 

The T-E generator is the simplest arrangement 
for converting heat to electrical energy. There are 
no moving parts, only slight wear, great reliability, 
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it requires almost no servicing and from this it 
would be preferably suitable also for the conversion 
of large quantities of high grade energy. 


1255. KLopateG, P. E. Thermoelectric device. 
U.S. Patent 1,893,748, Jan. 10, 1933. 

The single thermocouple device is designed for 
use in demonstrating thermoelectric effects. It is 
claimed that a 300 ampere current is obtained at 
10 to 12 millivolts when a temperature gradient 
of 350°C is maintained. The elements are copper 
and copper-nickel. 

1256. LAUTENSACK, D. Thermoelectric battery. 
U.S. Patent 313,215, Mar. 3, 1885. 

A cylindrical centrally heated thermopile has 
elements of copper-nickel and antimony-zinc. 

1257. Lee, J. M. Thermoelectric generator for 
portable equipment. Electron. 19: 196, 202, May, 
1946. 

Banks of chromel-P/constantan thermocouples 
embedded in ceramic material and heated by a 
gasoline burner give power outputs up to 20 watts 
at 12 volts. The couples have a useful life of about 
2000 hours. and the generator weighs about 
2} pounds per watt output. 


1258. LinpEN, D. and DANIEL, A. New power 
sources for space-age electronics. Electron. 32: 
43-47, Mar. 20, 1959. 

Brief discussion of the 5-watt thermoelectric 
unit designated SNAP-III by the AEC. This device 
was developed by the Martin Co. and Minnesota 


Mining & Manufacturing Co. The thermoelectric 
material used is lead telluride alloyed with other 
substances, and the radioisotope Po-210. With 
3000 curies of radioactivity SNAP-III will generate 
electricity at the rated capacity of 5 watts with an 
efficiency of 8-10 per cent. 


1259. LINDENBLAD, N. E. N-type thermoelectric 
devices. U.S. Patent no. 2,846,493, 3 p., illus., 
Aug. 5, 1958. 

Improved thermoelectric devices including high 
melting point gold-nickel thermoelectric alloys. 


1260. LINDENBLAD, N. E. Thermoelectric devices 
U.S. Patent no. 2,846,494, 3 p., illus., Aug. 5, 
1958. 

Improved thermoelectric device including high 
melting point iron-aluminium thermoelectric 
alloys. 


1261. Lueske, E. A. and VANDENBERG, L. B. 
Compact reactor power plant with combination 
heat exchanger—thermoelectric pump. Nuclear Sci. 
& Tech. 4: 167-176, Mar/Dec. 1954. 

A compact reactor power plant is described in 
which the reactor proper is located within a 
cylindrical heat exchanger. The pumping action in 
this liquid-metal-cooled reactor system is obtained 
in combination with the heat-exchanger function. 
By interposing thermoelements a large thermo- 
electric current is generated in the cylindrical heat 
exchanger by means of the temperature gradient 
normally existing between hot and cold tubes. 
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With suitable pole pieces this current produces a 
perpendicular magnetic field and develops sufficient 
force on the liquid metal for the desired pumping 
action. 

1262. Marcus, S. A new and very powerful 
thermoelectric battery. Am. J. Sci. 40: 257-258, 
1865. 

The device incorporates 64 thermocouples and 
generates an emf of 80 millivolts per element. It 
has an output sufficient to excite 2 electromagnets 
capable of lifting 105 pounds each. 

1263. MARRISON, W. A. Novel sources of 
electric power. Bell Lab. Rec. 35: 406-410, Oct: 
1957. 

Includes description of a 25 v., 1:25 w. ex- 
perimental chrome-p constantan TE power 
generator, pole mounted. 

1264. Martin Co. Nuclear Division, Baltimore, 
Md. Snap generator environ- 
mental test, by L. W. Gross. 68 p., Aug. 1959. 
(Rept. P-2101). 

The effects of simulated space vehicle vibration, 
acceleration, and shock on the operation and 
efficiency of a SNAP-III thermoelectric generator 
are described. The test specifications were deve- 
loped by Jet Propulsion Laboratories for the third 
stage and payload of the Vega vehicle. (Nuclear 
Sci. Abs. 13: 22631, Dec. 31, 1959). 

1265. Martin Co., Nuclear Division, Baltimore, 
Md. Snap IfI—thermoelectric generator environ- 
mental test, by L. W. Gross and E. J. SCHRAMM, 
VI. III, 70 p., Jan. 1960. (Rept. P-2101-III). 

Effects are described of simulated space vehicle 
vibration, acceleration and shock on the electrical 
output and efficiency of a SNAP III thermo- 
electric generator. 

1266. Martin Co. Nuclear Division, Baltimore, 
Md. Snap  Ill—thermoelectric generator safe 
handling procedures, by T. J. Dosry, Jr. and PAUL 
GUINN. 18 p., Apr. 1959. (Rept. P-2514). 

“A method for the safe handling of the SNAP- 
III thermoelectric generators is presented. It 
provides information, regarding shipping regu- 
lations, general handling instructions for packing, 
unpacking, and demonstrating the device, and 
procedures to follow in an event of an accident. 
Possible hazards involved in handling the device, 
and the probability of any of these hazardous 
incidents occurring while it is being demonstrated, 
are summarised. Containment of the radioisotope 
fuel used in the SNAP-III device was assured under 
rigorous conditions, including short time external 
thermal temperature excursions to 1600°C, when 
in the shipping container. The probability of the 
device encountering such temperatures are 
remote.” (Nuclear Sci. Abs. 13: 22632, Dec. 31, 
1959). 

1267. Martin Co. Nuclear Division, Baltimore, 
Md. Strontium-90 power project quarterly progress 
report 1. 62 p., Jan. 1959. (Rept. SR-1672) (Con- 
tract AT(30-1)-2281). 
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“The purpose of the Sr®° contact is to design an 
apparatus capable of converting the radioisotopic 
decay energy into a useful source of electrical 
power. The apparatus must have a safe, long, 
unattended life. Two designs will be produced 
during the contract study, one for land application, 
and the other for sea application. A model of the 


land-based application is being completed. It 


incorporates strontium boride as the heat element 


compound and lead telluride thermoelectric 
materials for conversion of heat into electricity.” 
(Nuclear Sci. Abs. 14: 1638, Jan. 31, 1960). 

1268. Martin Co. Nuclear Division, Baltimore, 
Md. Strontium 90 power project. Final Summary 
Report, Oct. 15, 1958 thru Feb. 29, 1960. 143 p., 
Mar. 1960. (Rept. SR-1676). 

The development of a model of a Strontium-90 


fuelled thermoelectric generator is described. 


Mitnes, H. R. Thermal generation of 
U.S. Patent 2,215,332, Sept. 17, 


1269. 
electric current. 
1940. 

A novel thermocouple and a generator employ- 
‘ng it are described. The positive element is Cu 
(70°), Ag (24%), CuO (6°) and the negative Ag 
(67°), Cu (33%). Both elements are cylindrical 
discs § inch thick held within a ceramic tube and 
separated by a nickel rod. Operating temperatures 
are 300-400°C at the hot junction and 100°C at 
the cold. 

1270. MoncKTOoNn, E. H. C. British Patent 3509, 
Oct. 12, 1874. 

Direct or reflected heat is used to heat thermo- 
Reflectors or lenses for con- 
mounted on movable 


batteries. 


heat are 


electric 
centrating the 
frames. 

1271. Monsanto Chemical Co. Mound Labora- 
tory, Miamisburg, Ohio. The mound laboratory 
thermal battery: some practical considerations, by 
J. W. Heyp and K. C. JorDAN. 8 p., Dec. 1, 1954. 
(Rpt. CF-54-12-1) (Contract AT-33-1-gen-53). 

Design considerations, properties, and appli- 
cations of the thermal battery are discussed. The 
thermal battery utilises thermocouples as voltage 
sources, One junction of a thermocouple being 
heated by a radioactive Batteries can 
probably be constructed with open circuit voltages 
up to 1-9 v and power outputs up to 24 w. The 
radioactive isotopes that most nearly meet ideal 
requirements for the thermal battery are Po*!® 
and Sr*°, 


1272 


source. 


Monsanto Chemical Co. Mound Labora- 
tory, Miamisburg, Ohio. Thermal batteries using 
polonium-210, by K. C. JoRDAN and J. H. BirDeEN. 
17 p., June 2, 1954. (Rpt. 984) (Contract AT-33-1- 
gen-53). 

The general theory of thermal batteries of the 
thermopile type is developed, and this theory is 
applied to the design of batteries powered by 
Po*!® heat sources. The physical characteristics, 
performance and fabrication of two experimental 
batteries with 57 and 146 curies, respectively, of 


Po?! are described. Maximum electrical power 
delivered to a load was 0-1 and 0-2 percent of the 
power developed as heat by the polonium. The 
work capacity of the thermal batteries is 1-8 and 
9-2 times, respectively, as that of a commerical 
mercury battery (RM4Z), and the weight is 30°, 
less. 


1273. Monsanto Chemical Co. Mound Labora- 
tory, Miamisburg, Ohio. Nuclear battery—thermo- 
couple type, by B. C. BLANKE. 14 p., illus., Sept. 30, 
1957. (Rpt. CF-57-10-31) (Quart. Rpt. 3) (Con- 
tract R-50-799965-sc-01-91). 

A second thermoelectric generator consisting 
of unitised rings of thermopiles was designed and 
constructed. Three and four rings were assembled 
into generators and tested. A maximum efficiency 
of 0°67°. was obtained. At a AT of 400°C, an 
efficiency of 0-56°, was obtained; the theoretical 
maximum for the materials used is 0-83 °,. 


1274. Monsanto Chemical Co. Mound Labora- 
tory, Miamisburg, Ohio. Nuclear battery— 
thermocouple type by B. C. BLANKE. 41 p., Dec. 31, 
1958. (Rpt. CF-58-1-40) (Quart. Rpt. 4) (Contract 
R-50-799965-sc-01-91). 

A study has been made and a series of general 
equations have been derived for the theory of the 
thermoelectric generator. All equations are 
presented. The design of a new thermoelectric 
generator is also presented, 


275. Monsanto Chemical Co. Mound Labora- 
tory, Miamisburg, Ohio. Nuclear battery—thermo- 
couple type, by B. C. BLANKE. 29 p., Mar. 31, 1958. 
(Rpt. CF-58-4-49) (Quart. Rpt. 5) (Contract 
R-50-799965-sc-01-91). 

A third thermoelectric generator has been 
constructed and tested. Specifications for batteries 
having outputs of over six volts at power levels of 
30, 50 and 1000 milliwatts at the end of six months 
have been made. An attempt was made to verify 
experimentally the theoretical equations of the 
Thomson and Peltier effects. 


276. Monsanto Chemical Co. Mound Labora- 
tory, Miamisburg, Ohio. Nuclear battery—thermo- 
couple type, by B. C. BLANKE, n.p., June 30, 1958. 
(Rpt. CF-58-7-19) (Quart. Rpt. 6) (Contract 
R-50-799965-sc-01-91). 

A thermoelectric generator having independent 
outputs of 1-2 and 4-8 volts at more than 50 milli- 
watts after six months’ has been con- 
structed and tested using a mock Po-210 heat 
source with an initial thermal power of 37 watts. 


service 


1277. New generator uses idle atomic wastes: 
snap III. Sci. News Ltr. 75: 180, Mar. 21, 1959. 

A new five-pound thermoelectric generator, 
fueled with the radioisotope polonium-210, is 
expected to “open the door” to unlimited practical 
usage of waste atomic products now lying idle in 
safe storage. 

The unit is known as SNAP III (System for 
Nuclear Auxiliary Power). 
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1278. A new thermoelectric couple. Elec. World. 
38: 786, 1901. 

A method of thermocouple construction 
invented by Hermite and Cooper is described. The 
elements are copper and copper sulfide. An emf 
of 0-2 to 0-3 volt per thermocouple is generated. 
U.S. Patent 685,741 describes this device. The 
contact between the elements is supposed to be 
indestructible to heat. 

1279. NINGARD, E. R. and BANks, H. O. 
Electrical generation by direct conversion using 
isotopes. Nuclear Sci. & Eng. 2: 151-152, June 
1959, 

Isotope-powered generators present an attractive 
method of converting decay heat of radioisotopes 
into useful electric power. Strontium-90 and lead 
telluride have been chosen for the power sources 
and thermoelectric materials. Two studies are 
reported; one covering a 100W design for land or 
sea application and the other a parametric study 
of space power applications for optimisation of 
conditions. To provide 2000 watts of thermal 
power, 15 kg of Sr®® will be employed as as tron- 
tium titanate-chromium cermet. The present design 
consists of seven strontium titanate cylinders with 
cladding placed in a circular arrangement in a 
cylindrical block, which serves as the heat source. 

1280. NoLan, R. M. Sun to cool spaceship 
electronic components. Missiles and Rockets (News 
and Bus. ed.). 4: 39, 41, illus., Oct. 13, 1958. 

Refers to statements by M. B. Grier, Nortronics 
Project Engineer, whose report of work in pro- 
gress indicates that it is possible to construct a 
thermoelectric solar converter which is comparable 
in efficiency with the silicon solar cell under free 
space conditions. The thermoelectric converters 
could be used with concentrators to increase their 
efficiency resulting in increased utilisation of power 
from the sun. 

1281. PARFENOov, V. A. A_ thermoelectronic 
generator. Nauka i Zhizn. 26: 69, 1959. 

In Russian. 

“A description of a thermoelectric generator 
for artificial satellites for the earth and moon 
published in the western press is described. The 
project features direct conversion of thermal power 
into electric energy. The generator consists of 2 
metal plates separated by only several thousandths 
of a mm and built into a vacuum tube. One plate 
is heated to the temperature of about 1,200°, 
the other to 500°C. The electrons travel from the 
hot to the cooler plate. Connected up by a con- 
ductor, electric current can be thus produced. 
Thermal energy for the generator will be supplied 
either by an atomic reactor or by the sun.” 
Nuclear Sci. Abs. 14: 1660, Jan. 31, 1960. 


1282. PEARSON, W. B. Resistance and thermo- 
electric measurements of cold-worked copper and 
the resistance minimum at low temperatures. Phys. 
Rev. 97: 666-669, figs., Feb. 1, 1955. 

Measurements of the change of residual ratio 
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of copper as a function of the percentage reduction 
in cross-sectional area by cold-working in liquid 
helium, liquid nitrogen or at room temperature 
and subsequent ageing treatments show (1) relative 
change of the ratio during recovery between 77°K 
and room temperature to that accompanying recov- 
ery and recrystallisation at higher temperature; 
(2) that there appears to be no recovery process 
taking place below 77°K; (3) that specimens cold- 
worked in liquid helium or nitrogen and aged at 
room temperature have a higher residual resistance 
ratio than specimens both cold-worked and aged 
at room temperature. 

It is found that the thermoelectric force of 
copper specimens cold-worked at room temperature 
or liquid helium is positive relative to annealed 
copper in the range 440°K (taking 4°K as zero). 
The measurements are discussed in relation to the 
origin of the electrical resistance minimum which 
is found in copper at 10-14°K. 

1283. Propose nuclear batteries. Sci. News Ltr. 
73: 338, May 31, 1958. 

In a summary of remarks on the use and 
advantages of nuclear batteries for space vehicles, 
Harold Zahl mentioned developments at the U.S. 
Army Signal Engineering Laboratory, Fort 
Monmouth, N.J. The nuclear batteries being 
developed act as thermoelectric converters. Radia- 
tion energy from an isotope is used to produce heat 
and then to convert the heat with thermocouples 
into electrical power. 

1284. Radioactive heat to electricity. Chem. and 
Eng. News. 32: 4183-4184, Oct. 18, 1954. 

Brief description of an atomic battery, deve- 
loped by Monsanto Chemical Company’s Mound 
Laboratory. It uses the heat from radioactivity to 
produce electrical energy. 

1285. Reep, C. J. Thermoelectric batteries. 
Elec. World. 29: 565, 1897. 

Various types of thermoelectric generators are 
summarised. 

1286. STINEMAN, R. W. Optimum reflector- 
absorber geometry for a solar generator. Appl. & 
Indus.; 45: 332-337, Nov. 1959. 

As an initial step toward the eventual realisation 
of a completely static system for converting solar 
radiation to electric power, the analysis and testing 
of a laboratory thermoelectric generator has been 
undertaken. An essential part of the overall system 
is the combination of reflector and absorber used 
to collect and concentrate the solar radiation. 
This paper deals with the geometrical optimisation 
of the reflector and absorber. 

1287. Terkes, MariA. Solar thermoelectric 
generators. J. Appl. Phys. 25: 765-777, June 1954. 

Physical characteristics, TE power, resistivity, 
thermal conductivity, and temperature differences 
between hot and cold junctions determine effi- 
ciences of thermocouple materials Data have been 
determined for Chromel P constantan. Bi alloys, 
and ZnSb containing small amounts of added 
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metals. Using flat-plate collectors with 2 glass 
panes, efficiency of 0-63°, was obtained with the 
ZnSb alloys in combination with a magnetic Bi 
alloy. Calculations indicate that the efficiency may 
be increased to 1-05°%% by using 4 panes of low- 
reflection characteristics. With concentrating 
lenses, efficiency of the 2 pane generator was 
increased to 3°35°%. The maximum allowable 
cost of TE generators has been evaluated by com- 
parison with present methods of electric power 
generation. 


1288. Maria. Thermoelectric couple. 


U.S. Patent 2,229,481 and 2,229,482, Jan. 21, 1941. 

A thermocouple having a positive element of 
zinc-antimony, and a negative element of copper- 
nickel, is claimed to give a useful efficiency of 4 to 
6 per cent when converting heat into electrical 


energy. 

1289. Thermoelectric generator drives propeller. 
Aviat. Wk. 70: 35, illus., Jan. 26, 1959. 

Illustration of a radioisotope thermoelectric 
generator, designated SNAP III, developed by the 
Martin Co. in conjunction with the Minnesota 
Mining & Manufacturing Co. 

1290. Thermoelectric generator with nuclear 
battery. Prod. Eng. 29: 5, illus., Aug. 11, 1958. 

Includes illustration of novel power source 
designed by Monsanto engineers at the AEC’S 
Mound Laboratory. 

1291. Thermoelectric generators have 6°. effi- 
ciency. Missiles and Rockets, 5: 25, Jan. 19, 1959. 

Brief announcement of development by Minne- 
sota Mining and Manufacturing Co. of generators 
which use heat applied to semiconducting ma- 
terials. One of the generators is a five-watt unit, 
about the size of a quart fruit jar, intended for use 
with an isotope heat source. 

1292. Thermoelectric generator for outer space. 
Westinghouse Engr. 19: 187-188, illus., Nov. 1959. 

A model of a solar-powered thermoelectric 
generator indicates the system is a_ practical 
source of electrical power in space. The concave 
mirror concentrates the sun’s rays on the cylindri- 
cally shaped generator. 

1293. Thermoelectricity moves up: 100-watt 
thermoelectric generator for air force. Chem. & Eng. 
News, 37: 36, June 29, 1959. 

Gives some details of a new class of generator 
built by Westinghouse and dubbed the TAP-100 
(Terrestrial Auxiliary Power, 100 watts). It 
operates at a temperature of 850°F. and uses a 
propane flame as the heat source, although it is 
not limited to gas flames. 

1294. Thermoelectron Engine. Electromech 
Design. 2: 27-28, Apr. 1958. 

Atomic heat is converted directly to electricity 
without moving parts. 

1295. WALL, T. F. The generation of electricity 
direct from heat. Elec. Rev. 101: 847-849, 1927. 

Experimental data are presented leading to the 
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opinion that the maximum obtainable useful 
efficiency of a coke-fired thermoelectric generator 
is four percent. The efficiency of a gas-fired 
generator is much lower. An experimental ring 
of 22 couples of copper and constantan delivered 
13-7 watts (25 amperes of 0-55 volts) 1 large gas- 
fired generator comprising thermocouples of iron 
and constantan delivered only 1-54 watts (0-88 
ampere at 1-75 volts) with an efficiency of 0-04 
percent. 


1296. WaTKINS, F. On thermoelectricity. P/i/. 
Mag. 3: 304-307, 1837. 

The thermopile is constructed of bismuth and 
antimony and comprises 30 elements 1-5 inches 
square and 0-125 inch thick. It produces sufficient 
power to energise an electromagnet which can 
support a 98-pound weight. 


1297. Wess, H. W. Thermoelectric generator. 
U.S. Patent 1,234,515, Jly. 24, 1917. 

The iron and copper-nickel elements of the 
device are arranged radially around a central 
compartment through which hot gases flow. A 
water jacket contains the cooling medium for the 
outer junctions. The generator is adapted for use 
on exhaust ports of internal combustion engines. 


1298. Wess, H. W. Thermoelectric generator. 
U.S. Patent 1,242,499, Oct. 9, 1917. 

A welded junction iron and _ copper-nickel 
thermocouple of the generator protrude through a 
cylindrical refractory wall. The device is particu- 
larly adapted to utilisation of the waste heat of 
internal combustion engines. 


1299. WEIGAND, M. W. Method of fabricating 
thermoelectric elements. U.S. Patent 2,280,137, 
Apr. 21, 1942. 

A generator has wedge-shaped elements of 
antimony-zinc and strip elements of copper- 
nickel. A kerosene burner heats 150 hot junctions 
at 800°C. Air convection maintains the cool 
junctions at 200°C.; 2 amperes at 8 volts, or | 
ampere at 10 volts is produced. 


1300. Westinghouse Research Laboratories, 
Pittsburgh, Pa. Thermoelectricity. 22 p., figs., 
Aug. 31, 1958. (Prog. Rept. 7) (Contract Nobs 
72361) (AD-217 227). 

Includes Research Report 431FD282-R, Opti- 
misation of a Conventional-Fuel-Fired Thermo- 
electric Generator, by B. W. Swanson and E. V. 
Somers. 

This report describes conditions in a flame duct 
which insure maximum extraction of heat from 
the fuel to generate electric power. 

1301. Witttams, J. S. British Patent 700, 
Feb. 13, 1882. 

A thermoelectric generator is enclosed in a 
glass case and heated by the sun’s rays. 


APPLICATIONS 
(Heat Pumps) 


Refrigeration temperature control 


1302. ANDREW;, F. W. Thermoelectric appa- 
ratus. U.S. Patent 1,506,962, Sept. 2, 1924. 

The device comprises elements of antimony and 
bismuth enclosed in tubes. Notches in the tubes 
permit the cores to make contact. The patent is 
assigned to the Superior Refrigerating Company, 
Wapakonota, Ohio. 

1303. Bureau of Ships, Washington, D.C. 
Thermoelectric air conditioning and refrigeration 
(Peltier effect) for submarines. 10 p., n.d. 

Describes project the purpose of which is to 
obtain air conditioning and refrigeration systems 
for submarines which have no significant noise 
output. 

1304. Carrier Corp., Research and Develop- 
ment Division, Syracuse, N.Y. Thermoelectric 
air conditioning systems for submarines. Progress 
Report, 2 November—31 December, 1959. 8 p., 
1959. (Contract Nobs-77112). 

This is the first progress report on a contract 
for designing a system suitable for integration into 
a submarine of the SS(N) 593 class. 


1305. Cool, real cool. Electron. Tech. 37: 68-71, 
figs., Feb. 1960. 
Thermoelectric cooling. 


1306. Competitive thermoelectric heating and 
cooling. Chem. Wk. 85: 28, Oct. 31, 1959. 

“Devices should be available by 1965, according 
to industry spokesman. They exhibited their wares 
at a seminar in Washington sponsored by Whirl- 
pool Corp. 

“These systems use electricity directly for 
heating or cooling thus eliminating all movable 
parts in refrigerators. A food compartment for 
aircraft, for example, would hold frozen food at 
proper temperatures until a switch was thrown 
converting the refrigerator into an oven, which 
would cook the food. Radiant heat panels that 
could either heat or cool a room were displayed. 

“High materials cost and the need for direct 
current are holding up marketing of thermoelectric 
appliances. The Soviets are reported to be at about 
the same stage of development as is the U.S.” 
Entire item quoted. 


1307. DANIELSON, W. R. Temperature-controlled 
chamber using thermoelectric cooling. Refrig. Eng. 
67: 30-33, illus., Feb. 1959. 

Thermoelectric cooling requires in materials a 
figure of merit of 8 to 10 x 10-* K-1 for practical 
use, today’s materials offer only 2 to 2}. The type 
of application described in this paper is more in the 
class of a scientific instrument than an appliance. 
It does, however, demonstrate potentials in a 
field where thermoelectric cooling is practical 
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today with the materials and performances 
available. 

1308. E1icHHORN, R. L. Thermoelectric _refri- 
geration. Refrig. Eng. 66: 31-35, June 1958. 
(First of several articles). 

Deals mathematically with the Peltier effect. 

Facts and formulas which refrigerating engineers 
can use in considering the application of a thermo- 
electric refrigerating system incorporating semi- 
conductor thermoelements to a practical system 
are presented. Formulas for determining the 
refrigerating capacity, power requirements and co- 
efficient of performance of a thermoelectric device 
are derived. The important properties of a material 
for thermoelectric refrigeration (thermoelectric 
power, thermal conductivity, and electrical 
resistivity) are used to determine a figure of merit 
for the material. Formulas for the use of the 
thermoelectric principle on a heating cycle are 
also presented. 

1309. Electronic _ refrigeration. 
Engr. 18: 190-192, Nov. 1958. 

A hostess cart with both refrigeration and oven 
compartments and two models of a baby bottle 
cooler-warmer are briefly described and illustrated. 
Each of these products utilises the Peltier effect 
in semiconductor junctions. 

1310. Eruis, G. B. Thermoelectric generator 
designs. Elec. Eng. 67: 657-660, diags., Jly. 1948. 

During the recent war, characteristics such as 
extreme portability and low maintenance inspired 
renewed interest in the thermoelectric generator as 
a portable power supply. This article considers the 
thermoelectric effect in the conversion of heat to 
electric energy as the last of a series of articles 
reviewing the various known and tried methods of 
producing electric power in the light of present- 
day knowledge. With its completion, the entire 
series is scheduled to be made available in pamphlet 
form. 


Westinghouse 


1311. Go tpsmip, H. J. and HitBpourne, R. A. 
Transistor operation aided by thermoelectric 
refrigeration. Brit. Comm. & Electron. 7: 26-30, 
figs., Jan. 1960. 

At present the continuous operation of germa- 
nium transistors above a temperature in the region 
of 100°C is impossible. They could only be used at 
higher ambient temperatures if some means of 
refrigeration were provided. In this case, cooling 
by means of the Peltier effect should prove more 
convenient than any other form of refrigeration. 
Silicon transistors are generally inferior to ger- 
manium transistors for high-frequency operation 
but they have the advantage of an upper tempera- 
ture limit of about 200°C. For use at still higher 
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temperatures it would be necessary to employ 
different semiconductor materlas, or alternatively 
to refrigerate silicon devices. Again, thermo- 
electric refrigeration could be employed. 

In addition, thermoelectric thermostats might be 
useful in controlling the temperature of transistors 
and associated components in circuits which are 
sensitive to temperature changes. 

1312. GoLUBYATNIKOV, N. G. Preservation of 
milk quality by means of semiconductors. (Thermo- 
electric refrigerator and heater). LLU Trans. Bull. 
p. 28-31, 1959, 

Translated 
99-103, 1958. 

The refrigerator in question comprises a thermo- 
electric battery of circular high-current thermo- 
couples made of a ternary alloy Te—Bi-Se in 
the negative branch and a Te—Bi-Sb alloy in the 
Chermo- 


electric cooling is based on the Peltier effect. 


Sel’skokh. Nauk. 10: 


from Vest. 


positive branch and connected in series. 


1313. HARGENS, C. W. Semiconductors cool and 
control density gage. Electron. 31: 80-81, illus., 
Dec. 5, 1958. 

Portable liquid-density gauge capitalises on 
Peltier effect by using semiconductor thermo- 
elements to maintain uniform cooling temperatures 
required for specific gravity measure- 
ments. Transistorised circuitry uses differential 
transformer to determine position of movable core 
at float end. 


1314. HARGeNs, C. W. Thermoelectric refri- 
geration application. Frank. Inst. J. 266: 523-525, 
illus., Dec. 1958. 

Describes thermoelectric refrigerator for liquid 
instruments and includes schematic 


accurate 


density 
diagram. 
HAJIME, UEMURA, KIN-ICHI and 
AOKI, MASAHARU. Cascading of cooling junctions 
in thermoelectric refrigeration. J. Appl. Phys. 
(Japan). 26: 608-610, Nov. 1957. 

By cascading cooling junctions in thermo- 
electric refrigeration, the temperature decrease of 
30 degrees is obtained by two-stage cascade, 
whereas the maximum cooling attainable with a 


single junction is 23 degrees. 


1315. Hipa, 


1316. IMat, Atsuo, UcHtyAMA, SUSUMU and 
SAKAKI, YONEICHIRO. Thermoelectric refrigeration 
by use of bismuth-tellurium alloys. Nagoya Sangyo 
Kagaku Kenkyujo Kenkyu Kokoku. no. 10: 26-29, 
1957. 

Not examined. 

“The combination of an n-typeBi, Te; having 
thermo-emf of —236 microV/deg., specific resi- 
stance of 0-896 ohm. - cm., cross-sectional area of 
0-59 cm* and length of 1:3 cm with a p-type 
Bi,Te, having 265 microV/deg., 2:23 ohm. -cm., 
0-45 cm?, and 1-0 cm. can produce a tempera- 
ture difference of 27-0° with an electric current of 
20 amp if 0-1 wt. °% I is added to the Bi and Te 
before alloy preparation.” Chem. Abs. 52: 15260, 
Sept. 25, 1958. 
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1317. Iorre, A. F., L. S., lORDANISH- 
E. and FeperevicH, N. Thermoelectric 
refrigerator. Kholod. Tekh. 33: 62-63, Mar. 1956. 

In Russian. 

Translation appears in Infosearch Tech. Lit. 
Info. Serv. Russian Lit. Survey SEM-1-56, p. 5, 
1-5-2. 

K. and Srit’sBans, L. S. 
Tekh. 


1318. IToRDANISHVI, E. 
Thermoelectric microrefrigerators. Z/urn. 
Fiz. 26: 482-483, Feb. 1956. 

In Russian. 

A brief preliminary report on experiments with 
semiconductor elements for refrigerators. 

1319. TorDANISHVui, E. K. and STIL’BANs, L. S. 
Thermoelectric microrefrigerators. Zhurn. Tekh. Fiz. 
26: 945-957, May 1956. 

In Russian. 

Translation in Soviet Phys. Tech. Phys. 1: 928- 
939, 1956: also in Infosearch Tech. Lit. Info. Serv. 
Russian Lit. Survey SEM-1-56, p. 6°1-6:2. 

Experiments on the use of thermoelectric coolers 
with results pertaining to deep cooling by means of 
a three-cascade thermobattery, to combined 
cooling (first cascade, compression cooler, second 
and third, thermoelectric cooler) and to the 


temperature control of small volumes. 


K. and THALICH, L. G. 
self-excited 
1215-1218, 


1320. IoRDANISHVILI, E. 
A semiconductor thermostat for 
oscillators. Zhurn. Tekh. Fiz. 27: 
June 1957. 

In Russian. 

Trans. in Soviet Phys. Tech. Phys. 2: 1109-1113, 
Feb. 1958. 

An experimental crystal oven for use with a 
quartz crystal-controlled self-excited transistorised 
oscillator is described. The oven, whose volume is 
100 cm* and which utilises the Peltier effect in 
semiconductor thermoelements to maintain a 
temperature of 20-30°C inside the chamber when 
the ambient temperature fluctuates from —60 to 

60°C, is battery operated. 


1321. IoRDANISHVILI, E. K. and Stit’Bans, L. S. 
Thermoelectric microrefrigerators. Soviet Phys. 
Tech. Phys. 1: 466, 1956. 

Trans. of Russian article in Zhurn. Tekh. Fiz. 26: 
482-483, Feb. 1956. See Item 263 in May, 1959 
issue. 

Trans. also available from L.C. or SLA (See 
Tech. Trans. 2: 650, Nov. 6, 1959). 

1322. KOLENKO, E. A., SHCHERBINA, A. G. and 
Yur’ev, V. G. Method of heat removal from semi- 
conductor cooling devices. Zhurn. Tekh. Fiz. 28: 
2543-2545, Nov. 1958. 

Trans. in Infosearch Ltd. Russian Lit. Survey 
SEM-7-59. 

One of the possible methods of removing heat 
from hot junctions of a thermoelectric battery in 
an isolated system is described. It consists of the 
use of certain substances with high heat of fusion. 
Expedients and limitations of selection are 
pointed out. 


Abstracts 343 


1323. KRONSBEIN, J. and Hartsaw, W. O. 
Peltier effect. Refrig. Eng. 66: 31-33, 70, Sept. 
1958. 

Review of trials with use of Peltier effect in 
refrigerators; amount of cooling that can be 
obtained per ampere of current, and voltage re- 
quired; methods of causing Peltier effect. 

1324. LiNDENBLAD, N. E. Thermoelectric heat 
pumping. Elec. Eng. 77: 802-806, illus., Sept. 1958. 

The thermodynamic principles involved in the 
area governing heat pump phenomena are set 
forth. The utility and economics of thermoelectric 
refrigeration and the reversible features of room 
temperature control, as based upon the present 
state of the art, are analysed. 

1325. LINDENBLAD, N. E. Thermoelectric cooling 
apparatus. U.S. Patent 2,872,788, to RCA. 

Thermocouple element for a heat pump. The 
element has a pair of bodies of dissimilar thermo- 
electric material mounted on a plate of conductive 
material. Members transfer heat between the 
element and the surrounding air. 

1326. LINDENBLAD, N. E. General considerations 
in research and development pertaining to thermo- 
electric devices. Jn NSIA-ARDC Conference on 
Molecular Electronics, November 13-14, 1958, 
Washington, D.C., p. 61-65, Washington, D.C., 
National Security Industrial Association, 1959. 

The principle of thermoelectric power is de- 
lineated ; conditions under which a material renders 


a high thermoelectric merit factor is illustrated; 
and the competitive status of thermoelectrics in the 


area of refrigeration and air conditioning is 
discussed. 

1327. Peltier effect: thermoelectric aircondition- 
ing and refrigeration. BuShips J. 8: 36-37, fig., 
Sept. 1959. 

General article, in which the Bu-Ships programme 
in thermoelectric investigations is outlined. 

1328. PLANK, R. Thermoelectric refrigeration. 
Kaltechnik 10: 2-10, 1958. 

In German. 

Author reviews the present state of thermo- 
electric refrigeration in the fields of research and 
practical achievement. American, British, French, 
German and Russian contributions are considered. 
The use of semiconductors for thermocouples is 
discussed in detail. The physical properties of the 
most important semiconductors are mentioned 
and the influence of impurities is stressed. Several 
refrigerators and an experimental air-conditioning 
plant are described. 

1329. Radio Corporation of America, Camden, 
N.J. Monthly progress letter No. 5. 3 p., Sept. 
1959. (Contract Nobsr—77123). 

Thermoelectric refrigeration unit for a sub- 
marine air conditioning system. 

1330. Radio Corporation of America, Camden, 


N.J. The design and evaluation of a prototype 
thermoelectric refrigeration unit for a submarine 


air conditioning system. 11 p., figs., Feb. 1960. 
(Mon. Prog. Ltr. 9). (Contract Nobsr—77123). 

Determination of acceptance tolerances for 
thermoelectric modules received from suppliers is 
discussed. 

1331. Radio Corporation of America, Camden, 
N.J. The design and evaluation of a prototype 
thermoelectric refrigeration unit for a submarine 
air conditioning system. 3 p., Mar. 1960. (Mon. 
Prog. Ltr. 10). (Contract Nobsr—77123). 

A systematic study of the metallographic aspects 
of the bismuth telluride joints with various solders 
and techniques is under way. It is reported that 
very little has been done in this area except for 
some initial studies by Westinghouse. 

1332. Radio Corporation of America, Camden, 
N.J. Monthly progress letter No. 6. 21 p., Oct. 
1959 (Contract Nobsr-—77123). 

Reports progress in an experimental programme 
of evaluation of thermoelectric couples and 
modules in connection with the design and devel- 
opment of a thermoelectric refrigeration unit for a 
submarine air conditioning system. 

1333. Radio Corporation of America, Camden, 
N.J. Monthly progress letter No. 8. 4 p., Jan. 1960. 
(Contract Nobsr-—77123). 

Measurements were continued on _ various 
thermoelectric couples and modules. Results of 
measurements of some are indicated in a table, 
p. 2. 

1334. Radio Corporation of America, Camden, 
N.J. Thermoelectric air conditioner—phase I. 
2 p., Nov. 1959 (Mon. Prog. Ltr. 7). (Contract 
Nobsr-77123). 

Attached to this letter is a report of 10 pages that 
presents results of an attempt to obtain a convenient 
general formulation of the optimum performance 
of a real thermoelectric refrigeration machine in 
terms of its design parameters. 

1335. Radio Corporation of America, Camden, 
N.J. Thermoelectric air conditioner for submarines. 
Final report, phase I. 165 p., Jan. 15, 1960. (Con- 
tract Nobsr-—77123). 

Design, performance, control, material evalua- 
tion and test results. 

1336. SCHLEGAL, E. The prospects of electrical 
refrigeration. Z.f.d. ges. Kdlteind. 40: 2-5, 1933. 

Summarizes Peltier refrigeration and reports 
that the success of this effect depends upon the 
availability of thermoelectric materials that have a 
thermoelectric power of at least 200 microvolts/°C 
and that have very nearly normal Wiedemann- 
Franz ratios. 


1337. SuHimtipay, T. S. Performance of compo- 
site peltier junctions of Bi,Te,. J. Appl. Phys. 28: 
1035-1042, Sept. 1957. 

An experimental Peltier refrigerator utilizing 
thermoelements of annular configuration has been 
designed, constructed, and operated. The device 
has been operated under “no-load” conditions 
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over a range of power inputs and has exhibited a 
maximum (delta T) of 49°C. A simple theory 
relating to the performance of Peltier thermo- 
couples is derived. Experimental performance of 
the device is shown to agree with theoretical pre- 
dictions. 

1338. Smirrous, K. and Stourac, L. Cooling 
couples for direct energy conversion based on 
semiconductor systems. Elektrotech. Obzor. 48: 
210-213, 1959. 

In Czechoslovakian. 

“Semiconductor thermoelectric cooling is dis- 
cussed. A number of thermocouples are described, 
of small dimensions and with an output of up to 
6W.”—Unstr. Abs. 15: 524, Feb. 1960). 


1339. SmMirous, K. and Strourac, L. Semi- 
conducting compounds as materials for the con- 
struction of cooling elements based on the Peltier 
effect. Elektrotech Obzor. 48: 343-350, 1959. 

In Czechoslovakian. 

‘“‘Derives a relation for the temperature decrease 

T, and discusses the influence of design para- 
meters, the thermoelectric power, and 
thermal conductivity on 

The influence of contact resistance at junctions is 
separately considered. Investigations into the 
properties of binary compounds of Bi and Te, or 
Pb and Te, resulted at the best in AT o 35°C 
theoretically and 14 C experimentally. Much better 
results were obtained with solid solutions of two 


electric 


inary semiconducting compounds, e.g. a couple 
binary semiconducting compound g. a coupl 


of n-type (Bi,Se;,—Bi,Te,) and p-type (Sb.Te;- 
BisTe,) resulted practically in AT=33°C. A 
photograph of such an element is given.” Sci. Abs. 
62B: 7218, Dec. 1959. 

1340. StarBLer, A. A primer of thermoelectric 
refrigeration. ASH RAE J. 1: 60-65, Aug. 1959. 

Considering five major aspects of thermoelectric 
refrigeration, this paper first presents the advan- 
tages of the system. It includes a nontechnical 
explanation of the thermoelectric process with 
analogies to well-known principles of mechanical 
refrigeration. Moving further in the subject, 
design and manufacturing problems are discussed, 
and economic considerations are analyzed. 

1341. Sti-Bans, L. S., E. K. and 
STAVITSKAYA, T. S. Thermoelectric cooling. Akad. 
Nauk. SSSR, Ser. Fiz. Dok. 20: 81-88, Jan. 1956. 

In Russian. Translation in Infosearch Tech. 
Lit. Info. Serv. Russian Lit. Survey SEM-—1-S6. 
p. 2.1-2.9. 

A brief account is given of A.F. Ioffe’s theory of 
thermoelectric cooling and of experimental results. 
Temperature differences up to 70°C have been 
obtained. Applications being investigated include 
cooling of components in radio and electronic 
equipment. 

1342. Thermoelectric cold box. Eng. 209: 480, 
Mar. 18, 1960. 

Describes and illustrates a cold box incorpora- 
ting semiconducting thermocouple assembly for 


cooling by the Peltier effect. 

For article on thermoelectric cooling using these 
principles see Eng. 208: 734-735, Dec. 4, 1959. 

1343. Thermoelectric cooling. Electron. Eng. 
31: 690-692, figs., Nov. 1959. 

Theory, importance of semiconductor thermo- 
couples and practical applications are discussed. 

1344. Thermoelectric cooling guide. Refrig. Eng. 
66: 51-76, Sept. 1958. 

According to the compilers, the editors of 
Refrigerating Engineering, “the accompanying 
references represent a reasonably complete record 
of what has been reported where in this field.” 

There are 45 references. 

1345. Thermoelectric power-source development. 
Prod. Eng. 29: 5, Sept. 22, 1958. 

Spotlights two experimental devices unveiled 
recently. Nortronics Division of Northrop Aircraft 
calls its unit a midget refrigerator and hopes to 
use it to cool infrared detector cells, now kept from 
overheating by liquid nitrogen. ““The thermoelectric 
device is tiny enough so that it can be incorporated 
in the same tube that holds the infrared sensor, will 
drop temperature as much as 90°F (from an 
ambient temperature of 70°F to below freezing). 

“RCA has dubbed its device a heat pump, 
pointing up the fact that thermoelectric elements 
can serve for heating as well as cooling, depending 
on the direction in which the current flows. Like 
the Northrop unit, RCA’s is on a very small scale, 
designed for instrument use.” 

1346. Thermoelectric refrigerator-air conditioner- 
heater for thenavy. Westinghouse Engr. 19: 187, Nov. 
1959. 

Briefly describes an experimental three-purpose 
device to be built to test the suitability of thermo- 
electricity for air conditioning and refrigeration on 
ships. 

1347. Thermoelectric transistor cooler. Electron 
33: 74-75, illus., Jan. 15, 1960. 

Summary of paper given at 1959 Northeast 
Electronics Research and Engineering Meeting in 
Boston by P. E. Gray, R. E. Nelson, and J. Blair 
entitled Thermoelectric Temperature Control of 
Electronic Components. 

It indicates that wide-range temperature control 
of dissipative electronic components with semi- 
conductor Peltier cooling is within the existing 
state of the art. Use of the technique to extend a 
transistor’s dissipation limit is a practical illustra- 
tion. 

1348. Whirlpool Corp., Research Laboratories, 
St. Joseph, Mich. Design a specific prototype, 
including controls, of a thermoelectric refrigerating 
system for use aboard submarines, January 28, 
1960 to February 27, 1960, 4 p., Mar. 3, 1960. 
(Prog. Rept. 8). (Contract Nobs—77128). 


The electrical resistance of the electrical insula- 
ting adhesive between the copper conductor and 
aluminium heat transfer surfaces is 10° ohms at 
200 volts for a 1/2 square inch area. Failure of the 
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anodized film on the heat transfer surfaces at the 
adhesive joint has retarded assembly of the 
modules. 


1349. Whirlpool Corp., Research Laboratories, 
St. Joseph, Mich. Design a specific prototype, 
including controls, of a thermoelectric refrigerating 
system for use aboard submarines, February 28, 
1960 to March 27, 1960, 5 p., Apr. 19, 1960. 
(Prog. Rept. 9). (Contract Nobs—77128). 

The first thermoelectric module of 144 couples 
has been satisfactorily completed. 

Smaller modules have been constructed and are 
being used in an effort to evaluate the thermal 
advantage of increasing the thickness of the 
thermal insulation beyond the length of the 
thermoelement. 


1350. Whirlpool Corp., St. Joseph, Mich. 
Design study to optimize the application of thermo- 
electric materials for refrigerated spaces aboard 
submarines. August 28, 1959 to September 27, 
1959. 16 p., Oct. 7, 1959. (Prog. Rept. 4). (Contract 
Nobs-77128). 

An analysis of the thermoelectric system under 
high current operation. 


1351. Whirlpool Corp., Research Laboratories’ 
St. Joseph, Mich. Design study to optimize the 
application of thermoelectric materials to refrigerat- 
ed spaces aboard submarines, September 28 to 
October 27, 1959, by R. L. EICHHORN, Nov. 5, 1959. 
(Prog. Rept. 5). (Contract Nobs—77128). 

An analysis is made of the difference in C.O.P. 
when the C.O.P. is maximized by finding the 
optimum length/area or the optimum current. 
Performance of the system when using Z values of 
3-0 x 10-*, 3-5 x 10-* and 4-0 10-* is established. 
A cross-section drawing of the proposed thermo- 
electric module construction is shown. 


1352. Whirlpool Corp., St. Joseph, Mich. 
Type I Thermoelectric temperature controlled 
chambers, by A. F. Martz and R. G. SICKERT. 
Interim Development Repori, | July to 30 Septem- 


ber, 1959. 33 p., illus., Oct. 8, 1959. (Contract 
Nobsr-—77617). (AD-228-662). 

A summary is given of the work done in design- 
ing a thermoelectric cascade and chamber and in 
analyzing a control system to result in a type I 
thermoelectric temperature controlled chamber. 

1353. Whirlpool Corp., St. Joseph, Mich. 
Type I thermoelectric temperature controlled 
chambers, by A. F. Martz and A. L. WENNERBERG. 
Interim Development Report 1 October to 31 
December, 1959. 29 p. illus., Jan. 8, 1960. 
(Contract Nobsr—77617). (AD-—231-039). 

Research concerns the design of a type I thermo- 
electric temperature controlled chamber for 
crystals such that the temperature at the crystals 
will be maintained at 25°C +-1°C. A further purpose 
is to study the feasibility of controlling that 
temperature to +0-01°C. Many of the circuits 
which were investigated for their applicability to 
the solution of the control problem are discussed 
sufficiently to show what decisions were made 
regarding them. These include (a) several types of 
push-pull circuits for regulating current through 
the thermoelectric cascade, (b) single ended 
circuits in which direction of current flow is 
switched with silicon controlled rectifiers and (c) 
passive and active networks for approximating 
proportional plus integral control. The proportion- 
al controller which was selected for design is 
described and the known performance data is 


given. Calculations from this test data show that 
the system should be able to control temperature 
to less than 0:2 C. The results of redesigning the 
thermoelectric cascade taking advantage of the 
properties of improved materials now available 
are given. Photographs of the cascade stages prior 
to final assembly are included. 


1354. Wricut, D. A. Thermoelectric refrigera- 
tion. New Scientist 5: 351-353, figs., Feb. 12, 1959. 

A general article on semiconductors and the 
properties which make them suitable for use in 
thermoelectric cooling. Some investigations of 
possible applications are cited. 


APPLICATIONS 


(Miscellaneous) 


1355. California University, School of Medicine, 
Los Angeles, Calif. Thermoelectric measurement 
of cerebral blood flow, by R. R. SONNENSCHEIN. 
16 p., Mar. 1958. (WADC Tech. Rept. 58-60). 
(Contract AF33(616)—2247). 

Regional cerebral blood flow was measured 
thermoelectrically, utilizing a heated thermistor 
probe. It was found that blood flow varied inde- 
pendently with arterial pressure and local vaso- 
motion. Tissue oxygen tension was shown to be 
correlated with blood flow, oxygen saturation by the 
blood and oxygen utilization by the tissue. A local 
change in cortical blood flow accompanied spread- 
ing cortical depression. During the latter pheno- 
menon, a change in surface pH occurred which was 
parallel to the changes in surface d.c. potential. It 
was concluded that the change in pH was inti- 
mately related to the mechanism of depression 
and constituted a major factor in the genesis of the 
d.c. potential shift. 


1356. Callery Chemical Co., Pa. A chemical 
thermoelectric borane detector, by L. J. KUHNs 
and R. H. Forsytu. 7 p., illus., July 12, 1955. 
(Rept. 121). (Contract Nobs—52-1024-C). (AD 
138-348). 

With slight Mine 


modifications, the Safety 


Appliance carbon monoxide detector has been 
adapted for borane detection. Under ideal con- 


ditions, the detector is sensitive to 0:2 ppm 
pentaborane and 0-4 ppm diborane. Considering 
the dynamic nature of the analysis, the quantita- 
tive results are very good. If refrigeration of the 
sample air is practical, the chemical thermo- 
electric detector should prove very useful for 
borane detection. 


1357. Downinc, W. C. Discussion on ‘‘a 
precision thermoelectric wattmeter for power and 
audio frequencies.”’ (by J. J. Hitt). Inst. Elec. 
Engrs. Proc. 106B: 64, Jan. 1959. 

Describes a somewhat different approach than 
Hill’s, used in the design of a thermal convertor 
manufactured by an American company. 


1358. Froop, D. G. A note on the use of the 
titanates as thermoelectric transducers. Can. J. 
Phys. 32: 313-317, Apr. 1954. 

Approximate’calculations for a 75%-25%, solid 
solution of (Ba—Sr)TiO, indicate that it would not 
be useful as a thermoelectric transducer. It seems 
possible that if materials could be produced with 
high permittivity and high temperature coefficient 
of permittivity but independent of field strength, 
a transducer with an efficiency comparable to that 
of a steam engine could be developed. 


1359. Fry, W. J. and Dunn, F. Precision 
calibration of ultrasonic fields by thermoelectric 
probes. Inst. Radio. Engrs. Proc. 45: 380, Mar. 1957. 


Abstract of paper given at IRE convention, 
New York, March 1957. 

“The highly-stable, small, and _ readily-con- 
structible ultrasonic probe developed and in use 
at this laboratory for the past five years is discussed 
from the point of view of construction calibration, 
operation, and application. This transient-type 
thermoelectric probe, which is currently being used 
in a number of other laboratories, yields informa- 
tion concerning the pressure amplitude, particle 
velocity amplitude, and intensity of the ultrasonic 
field in which it is placed. If the field characteristics 
are known, the principle of operation of the probe 
provides a method for determining the absorption 
coefficient of minute quantities of materials.” 

Entire item quoted. 


1360. Fry, W. J. Thermoelectric 
U.S. Patent 2, 919, 356, Nov. 2, 1955. 

A thermoelectric transducer comprising a ther- 
mal pile; means intermittently short-circuiting 
the output of said thermal pile; magnetic field- 
producing means having poles directed towards a 
movable portion of said thermal pile thereby said 
movable portion reacts with the field to cause 
relative motion; and resilient means urging said 
movable portion in a direction opposite to that 
produced by the reaction of said movable portion 
with said field; whereby said movable portion of 
the thermal pile is caused to vibrate at a frequency 
corresponding to the rate of operation of the means 
intermittently short-circuiting the output of said 
thermal pile. (U.S. Off. Gaz. 749: 1292, Dec. 29, 
1959). 


transducer. 


1361. GEILUNG, LEONARD. The thermoelement 
as a measure of radiation. Z. Angew, Phys. 3: 
467-477, Dec. 1951. 

In German. 

Thermoelements are now used extensively in 
infrared work. This paper gives an account of their 
basic principles and a critical discussion of recent 
developments in design. 


1362. GOL’TSMAN, M. I. Obizmerenii ylazhnosti 
vozdukha pri nizkikh otretsatel’nykh temperaturakh. 
(Humidity measurements of air at low negative 
temperatures.) Problemy Arktiki 1: 39-53, 1939. 

In Russian. 

Two methods are presented for accurate deter- 
mination of humidity at low temperatures as are 
experienced at Arctic weather stations. The first 
method involves elaborate equipment using the 
mass absorption method. The second method is 
the thermoelectric psychrometer method giving 
accuracy within +5°, R.H. at —25°C (at Irkutsk). 
Both types of equipment are illustrated in detail. 


1363. HERMACH, F. L. The definition and meas- 
urement of the time constant and response time of 
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thermal converters. Am. Inst. Elec. Engrs. Trasn. 
77: 277-283, 1958. 


A thermocouple in contact with an electric 
heater may be used as the active element in an 
a.c. meter giving an indication on a d.c. current 
meter or for noise measurement. The change of 
emf after a step change of heater current is only 
approximately exponential. 


1364. Hitt, J. J. A_ precision thermoelectric 
wattmeter for power and audio frequencies. /nst. 
Elec. Engrs. Proc. 105B: 61-68, Jan. 1958. 

A wattmeter has been constructed in which 
negative feedback amplifiers are used to supply the 
currents to two compensated converters. The input 
signal voltages to the amplifiers are obtained from 
the external circuit by means of a precision wide- 
frequency band voltage transformer, a four- 
terminal non-inductive current shunt and a high- 
resistance voltage divider. The overall instrument 
error for all conditions of load and power factor 
is 0-1 over the frequency range 200 c/s to 10 kc/s, 
and 0-3°, for the range 50 c/s to 30 kc/s. 


1365. HOHNE, WERNER. Ueber die weiterent- 
wicklung des thermoelektrischen feinwindmessers. 
(On further development of the thermoelectric wind 
measuring instrument.) Z. Meteorol. 8: 243-247, 
July/August, 1954. 

In German. 

A description of the improved wiring of the 
thermoelectric anemometer is presented. It is 
heated by means of an alternating current which 
can be obtained either from the grid (after trans- 
formation to a lower voltage) or from an accu- 
mulator. Also the heat current can be held con- 
stant to a fraction of one percent. 


1366. Horne, R. A., Crorr, W. J. and SMITH, 
L. B. Thermoelectric thermostat for X-ray diffrac- 
tion. Rev. Sci. Instr. 30: 1132-1134, Dec. 1959. 

Includes an illustrated description of a thermo- 
electric thermostat and circuit useful in the 
temperature control of samples during X-ray 
diffraction measurements. 


1367. Instrument for thermoelectric determina- 
tion of steel type (PMS-2). Dig. Soviet Tech. No. 
7: 37-38, Oct. 1959. From Priborostroenie 8—1959, 


p. 27 


The instrument reported here measures the 


thermoelectric voltage produced between the 
tested material and a hot electrode. Limitation of 
the method is that it compares only the thermo- 
electric emf of the specimen to that of the elec- 
trode, and cannot answer for possible differences 
in composition, etc., which do not result in varia- 
tions of the emf. 


1368. lorre, A. F. Two new applications of the 
Peltier effect. Zhurn. Tekh. Fiz. 26: 478-482, Feb. 
1956. 

In Russian. 

Translation appears in Infosearch Tech. Lit. 


Info. Serv. Russian Lit. Survey SEM-1-56, p. 
7.1-7.4. 

Applications to crystallization and 
deformations of thermoelements. 

1369. KAwatTA, S., Omort, Y. and NISHIMURA, 
K. Characteristics of a thermocouple anemometer. 
Kyoto Univ. Fac. Eng. Mem. 14: 12-20, Jan. 1952. 

“The construction, method of calibration and 
results of tests of nichrome hot-wire chromel- 
alumel thermocouple anemometers are described. 
Two forms of apparatus, one sucking in air by a 
vacuum pump for horizontal air streams of speeds 
less than 90 cm/sec. and the other using a propeller 
for 1-8 m/sec, were used. The results are shown 
graphically and discussed in relation to the formula 
i?=kE(A-+Bv1/2) where i is the heater current, 
E is the emf produced in the thermocouple and 
v the air-stream speed.” Sci. Abs. 55A: 5600, 1952. 

1370. G. Thermoelements. Arch. 
Tech. Messen 2: T156, 1932. 

In German. 

The thermoelectromotive force of various 
thermocouples is tabulated. A bibliography is 
appended. 

1371. KELEN, ANDREAS and SWEDBERG, PER. 
The thermoelectric transistor. A possible battery-less 
amplifying semiconductor device. App/. Sci. Res. 
6B: 369-378, 1957. 

Criteria are derived for the choice of material, 
geometrical shape, and heat flow through an 
amplifying device. 

1372. KoLeNKo, E. A. Vacuum trap with thermo- 
electric cooling. Akad. Nauk. SSSR. Vestnik 27: 
50-52, 1957. 

In Russian. Translation in Infosearch Tech. 
Lit. Info. Serv. Russian Lit. Survey SEM-4~-57, 
p. 9.1-9.2. 

Main part of the trap is the semiconductor 
thermoelectric battery which cools the condensing 
surface to about —30°C. 

1373. Kotomoets, N. V., STARNZAS, M. S., 
STiL’BANS, L. S. and Fateev, N. P. Measurement 
of air humidity using semiconductor thermoele- 
ments. Zhurn. Tekh. Fiz. 26: 686-692, 1956. 

In Russian. Translation in Infosearch Tech. 
Lit. Info. Serv. Russian Lit. Survey SEM-—1-56, 
p. 8.1-8.7. 

Describes a novel design of an automatic 
condensation hygrometer employing a semicon- 
ductor thermoelement for cooling. 

1374. Lautz, G. Thermoelektrische temperatur- 
stabilisierung elektrischer schaltelemente. (Ther- 
moelectric temperature stabilization of electric 
switching elements.) E7Z. 80: 741-745, Nov. 1, 
1959. 

In German. 

“The use of semiconductors in electrical 
engineering is often made difficult by the pro- 
nounced sensitivity of these switching elements to 
temperature. The article reports on the use of the 
Peltier effect in order to avoid temperature rises 


thermal 
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which might cause damage as well as for the 
production of constant temperatures. After a 
description of the basic thermoelectric phenomena 
and their interrelation, the selection of suitable 
materials and the design of Peltier elements is 
explained.” Battelle Tech. Rev. 9: 2931, Mar. 1960. 

1375. Lion, K. S. Instrumentation in scientific 
research. Electrical input transducers. 324 p., figs., 
New York, McGraw-Hill, 1959. 

Thermoelectric transducers (thermoelements or 
thermocouples). p. 


1376. Littte, G. M. Thermoelectric cell and 
making the same. U.S. Patent 1,638,943, Aug. 16, 
1927. 

The thermocell has copper and zinc elements 
sprayed (by the Schoop process) on an insulating 
base. It is designed for use with radio receivers. 

1377. LuGovskala, M. A. and POKROVSKAIA, 
I. A. Pogreshnosti poverki termoelektricheskikh 
aktinometroy i piranometroy. (Correction of errors 
of thermoelectrical actinometers and pyranometers.) 
Leningrad, Glavniaia Geofiz. Observ. Trudy 61: 
120-134, illus., 1956. 

In Russian. 

Authors present a review of various types of 
errors experienced during tests of instrumental 
accuracy carried out, both under naturalconditions, 
at Boekovo, and during expeditions to Kamennaia 
Steppe and to the Dubovskaia runoff station in 
1951-1954, and under laboratory conditions on 
devices of the Central Bureau of Verification. Data 
are given in extensive tables and graphs. 

1378. Massachusetts Institute of Technology, 
Cambridge, Mass. Response of thermoelectric 
radiation detectors, by W. F. BRowN and others. 
31 p., figs., 1954. (Contract Nobsr—39069; Nobs-— 
25391 Task VIII: Nobsr—52497; and Nobsr-—64540). 

This report gives the measured response and 
other characteristics of a number of compensated 
thermoelectric receivers and describes the methods 
of measurement used. 

1379. NaAer, V. A. An experimental investigation 
of a thermoelectric evaporation apparatus. Soviet 
Phys. Solid State 1: 1092-1095, Feb. 1960. 

A thermoelectric evaporation system was con- 
structed to verify experimentally predictions of 
performance of a thermoelectric battery. Analysis 
of experimental and theoretical characteristics 
shows that thermoelectric evaporation apparatus 
is much more economical than apparatus employ- 
ing the usual electric heating (electric distillation 
apparatus). 

1380. NicHKEvICH, O. N. The measurement of 
the ultraviolet solar radiation as calories. Se/’skok- 
hoz. Akad. Ukrain. Nauch. Trudy 8: 461-466, 
1956. 

In Russian. 

“A thermoelectric actionometer is described; 
by aid of 2 glass filters the light of a wavelength 
> 4000 A is removed. It is possible by changing 
the glass parts to restrict the range of the instru- 
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ment to certain parts of the ultraviolet only.” 
Chem. Abs. 53: 3871, Mar. 10, 1959. 

1381. PALMER, R. B. J. A thermoelectric method 
of comparing intensities of ultrasonic fields in 
liquids. J. Sci. Instr. 30: 117-179, June 1953. 

A new type of indicator is described dependent 
upon the rise in temperature of certain materials 
due to the absorption of ultrasonic radiation inci- 
dent upon them. Experiments are described in 
which the behaviour of the indicator is compared 
with that of a radiation pressure detector. Ex- 
amples are given of its use. 

1382. Prpparp, A. B. and PULLAN, G. T. A 
superconducting galvanometer. Camb. Phil. Soc. 
Proc. 48: 188-196, 1952. 

A superconducting tangent galvanometer suit- 
able for the measurement of thermoelectric 
voltages in circuits of resistance about 10-7 ohm 
is described. The inductance has been kept low 
by the use of only a single turn in each of the 
deflecting coils, but a high sensitivity has been 
attained by reducing the controlling field to about 
0-01 gauss. The theory of operation of such a 
galvanometer in circuits of low resistance is 
discussed; the actual behaviour of the instru- 


ment is in satisfactory agreement with the theory. 
The galvanometer will detect a current of 10-° A 
corresponding to an emf of 10-!*V. 


1383. RASCHKE, K. A_ sturdy thermoelectric 
psychrometer for microclimatic measurements. 
Indian Acad. Sci. Proc. 39A: 98-107, 1954. 

Description of a non-ventilated thermoelectric 
psychrometer for microclimatic measurements. 

1384. Scuiitr, H. A_ thermoelectric 
gauge. Z. Angew. Phys. 8: 216-217, 1956. 

In German. 

Range 10-? to 1 mm Hg. The construction is 
described and a calibration curve, alongside that 
of a Pirani gauge, is given. The cold junction is in 
good thermal contact with the glass envelope of the 
gauge and the hot junction lies inside a heating coil 
wound on a glass capillary tube. The emf is 
approximately | mV at atmospheric pressure and 
12 mV in vacuo for a heating current of 5 mA. 

1385. SHIRAKAWA, Y., OHARA, T. and AMEMIYA, 
D. Thermocouples with curved characteristics 
composed of Fe-al-Cr and Cu-Ni alloys. Tohoku 
Univ. Res. Inst. Sci. Repts. 1A: 190-200, June 
1959. 

The thermo-emf of Fe—Al (~8-:2% Al), Fe-Cr 
(~14:8% Cr), Fe-Al-Cr(~6:2% Al, 
Cr) and Cu-Ni(~4:9°% Ni) alloys was measured 
in the range from 100 to 800°C. The thermocouple 
composed of a pair of Cu-1-9°,Ni and Fe-6-2% 
Al-0-94°%Cr alloys had an emf that was almost 
zero from room temperature to 400°C nad then 
increased with temperature to 5-4 mV at 800°C. 

1386. Sominskiy, M. S. Semiconductor thermo- 
electrical apparatuses. Akad. Nauk. SSSR. Vest. 26: 
14-24, Dec. 1956. 

Translation from the Russian prepared by 


vacuum 
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Liaison Office, Technical Information Center, 


Wright-Patterson Air Force Base, Ohio. (F—-TS 
9856/ ITI). 

Describes various semiconductor thermoelectric 
generators and their applications for heating and 


cooling. 


1387. Tempceton, I. M. A_ superconducting 
modulator. J. Sci. Instr. 32: 314-315, illus., Aug. 
1955. 

A new type of d.c. amplifier for use at liquid 
helium temperatures is described, which has been 
constructed primarily for measuring small ther- 
moelectric potentials, particularly of the alkali 
metals at low temperatures, and also for examina- 
tion of problems connected with redetermination 
of the absolute scale of thermoelectric power. 


1388. A thermoelectric flow-measuring device. 
Prod. Eng. 30: 39, Dec. 7, 1959. 

The device described was designed in Sweden 
and takes advantage of the fact that the amount 
of heat conducted away from a heated junction 
immersed in a fluid is affected by variations in the 
rate of flow of the fluid. Measuring fluctuations in 
heat transmission therefore indicates variations in 
fluid flow. 


1389. Voltage and current generating trans- 


ducers. Electron. (Eng.ed.) 31: 62-64, illus., July 4, 
1958. 

Thermoelectric transducers, p. 63. 

1390. ZAREMBO, L. K. Thermoelectrical recei- 
vers of ultra-sound. /zmeritel. Tekh. No. 5: 74-77, 
Sept./Oct. 1958. 

In Russian. Not examined. 

“Thermoelectric receivers have been designed 
so that acoustic energy may be changed into heat 
energy and the latter measured by thermal or 
thermoelectrical methods. The receivers are used 
for measuring the sound intensity in liquids and 
are known for their non-resonating characteristics. 
They are unaffected by cavitation and turbulence 
in the liquid.” Brit. Sci. Instr. Reg. Assoc. Bull. 
13: 333, Dec. 1958. 

1391. ZarempBo, L. K. Ultrasonic thermoelectric 
receivers. Meas. Tech. (USSR) 5: 585-589, Sept. 
Oct. 1958. 

English translation. For 
Item 1016, Aug. 1959 issue. 

1392. ZIKRILLAEV, F. Temperaturnyi koeffitsient 
aktinometricheskikh priboroy i metody ego oprede- 
leniia. (The thermal coefficient of actinometric 
instruments and its determination.) Akad. Nauk. 
Uzbek. SSR. Inst. Mat. i Mek. Meteorol. i Gidrol. 
Uzbek. 1955, p. 23-33. 

Results of experiments on the 
thermoelectric actionometer. 


original entry see 


lanishevskii 


APPLICATIONS 


(Thermocouples) 


1393. Armour Research Foundation, Chicago, 
Ill. The development of high temperature thermo- 
couples, by GARY STEVEN and W. C. Troy. n.p., 
illus., Sept. 16, 1948. (Memo. Rept. 9). (NEPA- 
764-ARM-10). 

The W/Ir thermocouple was selected from a 
number of metal combinations used as being the 
most likely to meet the requirements of good 
thermal emf properties and long time stability at 
2000°C. 

1394. Armour Research Foundation, Chicago, 
Ill. The thermoelectric and electromechanical 
properties of BaTiO, single crystals with application 
to the detection and measurement of far infrared 
radiation, by G. W. FRANcIs, 85 p., June 1957. 

It is shown that when compared with other 
thermal radiation detectors, both the BaTiO, 
crystal and ceramic detectors offer certain ad- 
vantages. The detectivity varies inversely as the 
square root of the frequency while for the resistive 
type bolometer the detectivity varies inversely 
with the frequency. 


1395. Atomic Energy Commission, Oak Ridge, 
Tenn. Thermocouple research report for the period 
1 November 1956 to 31 October 1957, by D. L. 
McE roy. 87 p., Mar 5, 1958. (Rept. ORNL- 
2467). (Prog. Rept. 1). 

Describes the first year of progress in an investi- 
gation of thermoelectric thermometry, with 
particular reference to Chromel—Alumel type alloys 
in the range 500-1100 °C. 


1396. BarBeR, C. R. and PemBerton, L. H. 
Silver-palladium thermocouples. J. Sci. /nstr. 32: 
486-487, Dec. 1955. 

Includes a table showing typical emf temperature 
calibration of a silver-palladium thermocouple 
(Reference junction temperature 0°C.). 


1397. BarBer, C. R. The emf temperature cali- 
bration of platinum, 10°, rhodium-platinum and 
platinum, 13°, rhodium-platinum thermocouples 
over the temperature range 0°-1760 C. Phys. Soc. 
Proc. 63B: 492-503, July 1950. 

Tables are given which are based on the cali- 
bration of 12 thermocouples of each kind, 6 from 
each of 2 manufacturers. The methods of inter- 
comparison between the thermocouples and the 
various interpolation instruments specified in the 
International Temperature Scale are described. It 
is shown that the difference between the new 
tables and the old are mainly due to changes in 
the International Temperature Scale, and that the 
new tables represent the shape of the emf tempera- 
ture characteristics of the thermocouples of either 
make sufficiently close to give interpolation 
between calibration points with accuracy within 
+1°C up to 1063°C, +2°C up to 1500°C and 
+3 °C above this temperature. 


1398. BARRETT, W. F. Novel thermoelectric 
phenomena. Phi]. Mag. 49: 309, 1900. 

An alloy of iron—nickel-manganese-carbon is 
used with iron as the thermocouple. The emf and 
resistance are constant through a wide range of 
temperature. 


1399. BEAKLEY, W. R. Method for modifying 
the thermal emf temperature characteristics of 
Constantan thermocouple wire. /. Sci. Instr. 31: 
259-260, July 1954. 

Three-foot lengths of 40 s.w.g. constantin wire 
were taken from a reel, the sensitivity of which was 
approximately V/°C greater than the lead 
wire with which it was to be used. Each length 
was held horizontally under very slight tension in 
air in a draught-free enclosure. An alternating 
current from the mains, controlled by a Variac 
transformer, was passed through the sample, and 
a 12-in. length from the middle of the sample was 
tested against wire from the reel. 


1400. BeNeL, H. Effect of the gaseous atmosphere 
on the thermoelectromotive force of a bimetallic 
couple massive silver-pure thin copper-massive 
copper. Rey. Fac. Sci. Univ. Istanbul 22C: 177-182, 
1957. 

In French. 

The thermo-emf of a bimetallic couple of massive 
Ag/thin Cu/massive Cu, purified by degassing, 
depends on the pressure of the gaseous atmosphere 
enveloping the couple. This behaviour is attributed 
to an inhomogeneity created by the uneven 
adsorption and occlusion of gas by the different 
parts of the couple. The effect of an atmosphere of 
H at pressures ranging from 0 to 550u Hg is 
studied. 


1401. Benet, H. Influence of a vyaporous at- 
mosphere on the thermal electromotive force of a 
couple consisting of pure solid silver in contact with 
a thin film of silver. Rev. Fac. Sci. Univ. Istanbul 
21C: 26-33, Jan. 1956. 

In French. 

The thermal emf of a degasified solid Ag/thin- 
film Ag couple is a function of the vapor pressure 
which envelops the couple. This effect is attributed 
to a supplementary inhomogeneity which arises 
from unequal adsorption and occlusion of the gas 
by the branches of the couple. The thermal emf 
attains a maximum at a thickness of about 33 mu 
of the thin-film branch. Important emf variations 
as a function of thickness were observed between 
20 and 47 mu. The current in the couple travels 
from the solid Ag to the thin-film Ag by way of 
the heated junction. 


1402. Benet, H. The variation of the thermo- 
electric electromotive force of a monometallic 
couple, thick silver/massive silver, as a function of 
the thickness of a copper layer deposited on the 
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massive silver branch. Rey. Fac. Sci. Univ. Istanbul 
22C: 124-127, 1957. 

In French. 

For a given temperature, the thermoelectric emf 
of a monometallic couple such as thick Ag/massive 
Ag decreases with the deposition of layers of Cu of 
increasing thicknesses on the massive Ag branch, 
until a final value is reached for massive thickness 
of Cu. It has a specific value depending on tem- 
perature and thickness of Cu. 


1403. Borisov, Ye. Automatic control and semi- 
conductors. Znanive Sila 34: 28-32, August 1959. 

Tells of work on semiconductor thermocouples 
being conducted at the Institute of Powder Metal- 
lurgy, Cermets, and Special Alloys of the Academy 
of Sciences Ukrainian SSSR, located at Kiev. 

In Russian. 

A thermocouple considered to be of importance 
consists of boron carbide and silicon carbide which 
develops an unusually high thermal emf, up to 
600 microvolts per degree. This is a transducer 
which transforms heat into electric energy. At 
present, installations with a temperature ceiling of 
1700° will become available for the work in ques- 
tion. This opens up extensive possibilities as far 
as generation of power by means of 
semiconductor appliances is concerned. Additional 
information may be obtained from a lengthy 


electric 


translation appearing in CIA Scientific Information 
Report, Oct. 23, 1959, p. 40-43. (PB131891—T-32). 


1404. BRINTON, R. K. and O’Konsk1, C. T. A 
phototube measuring circuit for thermopiles. Rev. 
Sci. Instr. 24: 1102-1104, Dec. 1953. 

A recording system is described which measures 
the emf generated by slowly responding linear-type 
thermopiles. A means is provided for compen- 
sating electrically for the zero signal drift so that 
the thermopile may be used conveniently under 
rather unstable thermal surroundings. 


1405. Brisro., W. H. Thermoelectric couple. 
U.S. Patent 1,315,205, Sept. 9, 1919. 

A compound thermocouple of 4 elements 
generates an emf of 4 or 5 times that of a plati- 
num-rhodium thermocouple, and gives a linear 
temperature versus emf curve. The 4 elements are 
copper plus 0°5°, nickel, nickel plus 10°, chro- 
mium, nickel plus 2°, aluminium, and copper 
plus 40°, nickel. 

1406. Brown, D. A. H., CHASMAR, R. P. and 
FectGetTt, P. B. The construction of radiation 
thermocouples using semiconducting thermoelectric 
materials. J. Sci. Instr. 30: 195-199, June 1953. 

An investigation is reported of methods of 
construction of thermocouples of the type des- 
cribed by E. Schwarz. The composition of the 
thermoelectric materials is discussed. Performance 
figures for experimental thermocouples are given 
together with those obtained on commercial 
couples made by Schwarz. 

1407. Brown, S. L. and SHUDDENMAGEN, L. O. 
Thermal electromotive force of iron oxide and 


copper oxide. Phys. Rev. 5: 385, 389, 1915. 
Experiments on thermocouples with elements 
of iron oxide and copper oxide are reported. 


1408. BUNcH, M. D., PoweLt, R. L. and 
Corrucini, R. J. Thermal emf of some thermo- 
metric alloys. /n International Conference on Low 
Temperature Physics and Chemistry. Proceedings. 
Sth, 1957, p. 484-486, Madison, University of 
Wisconsin, 1958. 

Reports, investigation, primary purpose of which 
was to establish representative temperature-emf 
tables for gold—cobalt, constantan and ‘normal’ 
silver versus ordinary copper-magnet wire through- 
out the range 0K to 300°K. 


1409. CAMPAN, TEODOR and ANGHELACHE, D. 
O sonda termoelectricia pentru masurarea tempera- 
turilor de suprafata la pereti si alte corpuri. 
(Thermoelectric device for the measurement of 
surface temperature and other bodies). /asi. /nst. 
Polit. Bul. 4: 365-370, 1958. 

In Rumanian, with German summary, p. 370. 

Noted in East European Accessions List 
(Library of Congress, 9: 285, Mar. 1960). 


1410. Carter, H. J. A method of constructing 
Cu-constantan thermocouples. Rev. Sci. Instr. 19: 
917-918, Dec. 1948. 

The junction is at an end-to-end joint, and the 
wires are held in position by a thin Cu sleeve, 
above 1 mm long, deposited electrolytically. 
Wires 0-0025 in. dia. can be used, giving small 
mass and surface area. The emf obtained is the 
same as that from soldered or welded junctions. 


Thermocouple for high 
Metals Rev. 1: 20-22, 


1411. CHAston, J. C. 
temperatures. Platinum 
Jan. 1957. 

Advantages of 5°, rhodium—20°, platinum 
thermocouple for measuring very high tempera- 
tures. 

1412. CopLentz, W. W. Thermoelectric be- 
havior of tungsten and tantalum. P/ivs. Rev. 28: 
312, Apr. 1909. 

Abstract only of paper presented at meeting of | 
Physical Society, Feb. 27, 1909. 

“Further improvement in the construction of 
thermopiles must come through the reduction of 
the heat capacity of the junctions.” 


1413. Corruccini, R. J. and SHENKER, HENRY. 
Modified 1913 reference tables for iron-constantan 
thermocouples. /. Res. 50: 229-248, May 1953. 

Investigation was made of characteristics of 
typical commercial IC thermocouples to reproduce 
standard temperature-emf relationship established 
in 1913. Using calibration of thermocouple that 
most nearly matched 1913 reference table from 32 
to 1400°F a slightly different temperature-emf 
relationship was derived which is more nearly 
realizable by commercially available materials. 


1414. DaupHINEE, T. M., MACDONALD, D. K. 
C. and PEARSON, W. B. The use of thermocouples 
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for measuring temperatures below 70 K. A new type 
of low temperature thermocouple. J. Sci. Jnstr. 
30: 399-400, Nov. 1953. 

The use of thermocouples such as copper- 
constantan to measure low temperatures (e.g. 
~ 10K) may result in considerable uncertainty in 
the measured temperature. These uncertainties are 
discussed and a method described for reducing 
them to +0-5°. It is shown that thermocouples 
composed of pure copper against certain dilute 
copper alloys (e.g., copper + ~0-005 wt. °% tin) 
have particular advantages for measuring tempera- 
tures in the range 2~30°K, 

1415. DaupHiner, T. M. An apparatus for 
comparison of thermocouples. Can. J. Phys. 33: 
275-285, June 1955. 

This paper describes a semiautomatic apparatus 
for routine or precision comparisons of thermo- 
couples of the same type in the temperature range 
0-1100 C. The couples being compared are welded 
together at the tips and placed in a tube furnace 
which is heated at rates varying from 10 to 100 C 
min. 

1416. DoscHEecK. ANTONY. Applications of the 
triboelectric and the thermoelectric effects to the 
sorting of metals. Non-Destructive Test. 10: 22-28, 
Fall 1951. 

Describes fundamental principles of the above 
in elementary terms. Apparatus and procedure are 
also described. An alloy of 90°, Ni and 10°, Cr 
has been found to be electrically “positive” to all 
of a very large number of various pure metals and 
alloys. Triboelectric reactions with various types 
are described. 

1417. DUNN, FLoyp and Fry, W. J. Precision 
calibration of ultrasonic fields by thermoelectric 
probes. Inst. Radio Engrs. Trans. PGUE-5: 59-65, 
August 1957. 

Transient type, thermoelectric probe yields 
information concerning the pressure amplitude, 
particle velocity amplitude, and intensity of the 
ultrasonic field in which it is placed. 

1418. EBINGER, A. Portable temperature-indica- 
ting instruments for connection to thermocouples. 
AEG Mitt. 42: 180-184, July/August 1952. 

In German. 

“Temperature measurement with thermocouples 
requires for the indication moving-coil instruments 
with particularly high-voltage-sensitivity. Three 
laboratory types of indicating instruments, their 
external design and their electrical properties are 
described in detail and illustrated. 

1419. FORNANDER, S. Temperature measurements 
on liquid steel. Transactions of Instruments and 
Measurements Conference, 1947 (Stockholm), 
p. 223-227, 1947. 

Early techniques in thermoelectric temperature 
measurement of liquid steel used lagged couples to 
reduce thermal shock on immersion, with conse- 
quent slow response A Pt/Pt-Ph couple in a 
vitreous silica sheath may be used unlagged and 
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gives quick readings so that the head need only be 
immersed for about 15 seconds, short enough to 
prevent corrosion. Tests show that the accuracy 
and reproducibility of the results are sufficient, 
between 50 and 80 determinations being possible 
before changing the hot junction, according to the 
type of furnace in use. 

1420. FusCHILLO, NICHOLAS. A low-temperature 
scale from 4 to 300K in terms of a gold-cobalt 
versus copper thermocouple. J. Phys. Chem. 61: 
644-646, 1957. 

A low-temperature scale was obtained by 
comparing the emf from the Au+-2-1 at °% Co vs. 
Cu thermocouple with the temperature values 
obtained from a constant-volume. He gas ther- 
mometer. By paying appropriate attention to the 
prevention of temperature gradients and to the 
homogeneity of the alloy, the absolute thermo- 
dynamic scale can be realized to between 0-1 and 
0-2 from 4° to 10°K and to better than 0-1” above 


this temperature. The emf’s were reproducible 
within these limits on successive reductions to He 
temperatures. The use of a composite 3-limb 
Au-Co vs. Cu vs. constantan thermocouple was 
described. This thermoelement enables the avoid- 
ance of the N temperature fixed point and permits 
checking one thermocouple against the other two. 


Inhomogeneity emfs in 
J. Sci. Instr. 31: 


1421. FuscHILto, N. 
thermoelectric thermometers. 
133-136, Apr. 1954. 

A criticism is made of the methods available for 
selecting metallic wires to be used in the construc- 
tion of thermoelectric thermometers. Methods 
are described which increase the reliability, rapidity 
and convenience of selection tests. Techniques are 
introduced for the construction of more homo- 
geneous thermocouples, and multi-junction ther- 
moelements from a test cable of the wire under 
consideration, thus extending the range of applica- 
tion of the thermoelement to the precise measure- 
ment of larger temperature differences and the 
validity of its calibration to more varied con- 
ditions. Examples are given of the application of 
these procedures to the construction of low- 
temperature copper/constantan thermometers. 

1422. General Electric Co., Knolls Atomic 
Power Laboratory, Schenectady, N.Y. Thermal 
electromotive force of uranium. titanium, and zir- 
conium, by L. L. WYMAN and J. F. BRADLEY. 
20 p., 1952. (Rept. 852). 

The emf values of U-Pt, Ti-Pt, and Zr-Pt 
thermocouples were determined from room 
temperature to 1200° by the use of an automatic 
recording device. The effects of cold-working, 
annealing, and thermal cycling on the emf were 
studied. The characteristics of the Ti-Pt and Zr—Pt 
couples were similar and the emf results were 
sensitivive to structural changes and to the 
ambient atmosphere. 


1423. Gromov, N. P., GOLOVANENKO, S. A. 
and KASATKIN, N. M. New thermo-bimetals. Vest. 


354 Abstracts 


Elektroprom. No. 8: 32-33, 1956. 

In Russian. Not examined. 

“During the last three years, a number of new 
bimetals for thermoelements, not provided for in 
GOST 5198-50, has been developed in the 
Institute for Precision Alloys, TsNIIChZh. 


1424. GuetreL, C. L. Thermocouple alloys 
resistant to high-temperature oxidation. U.S. 
Patent 2,757,221 (to Driver Harris Co.), July 31, 
1956. 

The positive element is an alloy containing 18-22 
°” Cr, rest Ni; the negative element is a Ni alloy 
containing 2-4°% Mn, 1-3°¢ Al, and about 1°, Si. 
When the atmosphere contains gases in which, 
Cr alloys are subject to “green deterioration 
2°. Nb can be added to the positive element. The 
temperature-emf relation is given for the two types 
of thermocouples from 32 to 2300°F. 


1425. Haase, G. and SCHNEIDER, G. Experi- 
ments on thermocouples made from the iridium 
rhenium system. 7. Physik 144: 256-262, 1956. 

In German. 

The thermoelectric powers of Ir, Re and of 
various alloys were measured against W up to 
2450°C, 50° higher than previous measurements on 
metals. It was found that a couple consisting of Ir 
and an alloy Ir 30°,, Re 70°, was of practical use 
in the measurement of temperatures even in a 
slightly oxidizing atmosphere, a little above 2000 °C 

1426. HERMANN, Otto. Thermoelectric element. 
U.S. Patent 1,575,117, Feb. 9, 1926. 

A negative element of Ni (81°)—Mo (17°%)-V 
(2%) and a positive element of Ni (40°%)-Cu 
(60°%) generate a high emf. The resistivity of the 
thermocouple is low. 

1427. HERMANN, Otto. Thermoelectric element 
and thermocouple. U.S. Patent 1,920,559, Aug. 1, 
1933. 

The thermocouple has a positive element of 
Cu (55%)-Ni (45%), and a negative element of 
Sb (60.7°)-Zn (36°3°%)-As (3%). It produces an 
emf of 0-09 volt at 300°C temperature difference. 


1428. HEUSINKVELD, W. A. Measuring tempera- 
tures by thermoelectrical methods and optical 
pyrometers. /ng. 69: 109-112, Nov. 1957. 

In German. 

In this communication the International Tem- 
perature Scale is briefly summarized. The method of 
calibrating thermocouples and optical pyrometers 
is described and the obtainable accuracy is indica- 
ted. A method of determining the temperature of 
an arbitrary radiating surface and the suitability 
of tungsten strip lamps for use in comparing the 
calibrations of optical pyrometers are mentioned. 


1429. Hirat, B. and IsHikAwa, M. Thermo- 
electric character of iron-constantan thermocouples. 
Electrotech. Lab., Japan. Bull. 18: 280-285, Apr. 
1954. 

Tables of thermo-emf of many nations are 
examined, and the thermoelectric characteristics 


of the iron-constantan thermocouples made in those 
nations and now used in Japan are determined in 
order to establish reference tables for iron-constan- 
tan thermocouples in the Japanese Industrial Stan- 
dards. The iron-constantan thermocouple of the 
0-75 class of the Japanese Industrial Standards is 
easily constructed if each wire is selected with 
consideration of its individual character and the 
fact that Mn as an impurity causes deviation of emf 
from the standard. 

1430. HUNSINGER, W. Instrumentation for ther- 
moelectric measurement of temperature for high 
degree of accuracy, especially for thermal analysis. 
Z. Metallk. 44: 261-264, June 1953. 

In German. 

Description of conventional and improved 
methods of recording with accuracy a thermo- 
couple signal. Feedback is used over a galvano- 
meter and photocell arrangement. With proper 
bias, the system can record with great accuracy a 
temperature varying between two very narrow 
limits. This permits observation of any sharp 
changes or other singularities in a temperature- 
versus-time record. References are made to 
German commercial instruments. 

1431. KAMpEe-Nem™, A. A. The application of a 
thermoelectric proportional-plus-integral corrective 
device for improvement of two-position temperature 
control. Automation & Remote Contr. 19: 461-463, 
illus., May 1958. 

Translation of Russian article in Abtom. & 
Telemekh. 

An automatic control method which is based on 
application of a thermoelectric corrective device 
and combines the properties of two-position and 
proportional-plus-integral control is treated. The 
construction of the corrective device is described. 
Experimental results show that the proposed 
device permits a substantial improvement of the 
two-position control process. 

1432. KeINATH, G. Thermoelements. 
Tech. Messen. 2: T10-T11, 1933. 

In German. 

Various thermocouples are discussed. A_ bib- 
liography is appended. 

1433. KiIRSCHNING, H.-J., HOCHSTRATE, E. and 
Roprian, H. A_ contribution to temperature 
measurement in the arch of open-hearth furnaces by 
thermoelectric methods. Arch. Eisenhiittenw. 28: 
611-614, Oct. 1957. 

In German. 

The performance of various protective sleeves of 
ceramic materials for thermocouples used in 
measuring arch temperatures has been studied. 
When the diameter of the sleeves is kept small, to 
prevent the formation of heat stress, the major 
problem consists in the penetration of the sleeve 
wall by carbon, which affects the structure of the 
materials in different ways. BeO was found to be 
the most suitable material for these sleeves. 


1434. KorrzscH, R. Ueber den einfluss der 


Arch. 
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temperatur der gegenloetstelle bei thermoelektris- 
chen messungen mit elementen aus kupfer-konstan- 
tan. (The influence of the temperature of the 
reference junctions on thermoelectric measurements 
with copper-constantan elements). Z. Meteorol. 6: 
129-132, May 1952. 

In German. 

A mathematical analysis of the relationship 
between changes of temperature at the reference 
junction and the measuring junction and a 
description of the determination of the constants 
a@ and B in the equation showing the relation 
between emf and temperature difference between 
reference and measuring junction. 

1435. LACHMAN, J. C. Refractory metal thermo- 
couples. Am. Soc. Mech. Engrs. Paper 59-HT-21, 
1959. 

Thermoelectric properties of refractory metals 
were studied with particular attention to rhenium 
Pure metal combinations of rhenium/molybdenum, 
rhenium/tungsten were calibrated to 4,000 F in 
vacuo, in hydrogen and in inert-gas. Practical 
application and limitations are discussed. 

1436. LACHMAN, J. C. Calibration of thermo- 
couples to 4000 F. /nstr. & Contr. Svs. 32: 1030 
1032, July 1959. 

Rhenium-tungsten and rhenium-molybdenum 
thermocouples were found to have the following 
advantages: high thermoelectric potential: high 
thermoelectric power (millivolts per degree); 


high melting point of all components; chemical 


stability in neutral or reducing atmospheres; 


and ductility (for rhenium or rhenium-alloy legs of 


thermocouples) after temperature cycling. (nsrr. 
Abs. 14: 316, Oct. 1959.). 


1437. LoppDING, WILLIAM and STuRM, EDWARD. 
A new method of differential thermal analysis 
employing multiple thermocouples. Am. M/ineralo- 
gist 42: 78-82, 1957. 

The emf generated by thermal reactions can be 
multiplied by placing a number of thermocouples 
in series. Peak amplitudes in thermograms are 
increased by a factor directly related to the number 
of differential couples used. 

1438. Massachusetts Institute of Technology, 
Cambridge, Mass. A radiation detecting mosaic 
thermopile. July 1952-June 1956, by F. C. BAKER: 
J. L. Curr; M. E. Kremper; D. R. STACKPOLE; 
L. Harris. 25 p., figs., Nov. 14, 1956. (Contract 
Nobsr-52497). 

Two mosaic radiation thermopiles, each with a 
receiving area of ~0-O1 square inch, have been 
constructed and their response to interrupted radia- 
tion measured. Each thermopile is composed of 
twenty compensated thermoelectric units, each 
unit electrically insulated from the others. Twenty- 
one electrical leads are brought out from these 
thermoelectric units to the insulated terminals of a 
steel case. 

1439. MCQUILLAN, M. K. Some observations on 
the behaviour of platinum-platinum/rhodium ther- 
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mocouples at high temperatures. J. Sci. Instr. 26: 
329-331, Oct. 1949. 

It has been found that in air more Pt than Rh 
is lost by preferential oxidation, and in vacuo, by 
volitilization. Very little metal is lost on heating in 
H. An explanation of those effects hitherto explain- 
ed by loss of Rh has been suggested. The effect of 
heating Pt wires in a reducing atmosphere in the 
presence of refractory materials other than those 
containing Si has also been investigated. C, beryllia 
and alumina have been found to have no contami- 
nating effect. No appreciable change in the thermal 
emf developed at 950°C has been observed in 
thermocouples heated in H for 12 hours at 1600 C. 

1440. Metcacre, A. G. The use of platinum 
thermocouples in vacuo at high temperatures. Brit. 
J. Appl. Phys. 1: 256-258, Oct. 1950. 

In the course of thermal analysis on Co base 
alloys in vacuo with Pt-Pt 13°, Rh thermocouples 
it has been found that the emf developed at any 
temperature gradually falls. The principal cause of 
this is believed to be the transfer of Rh to the Pt 
wire via the vapour phase. It has been shown that 
this effect can be reduced considerably by the use 
of a Pt 1°, Rh wire in place of the Pt wire. 

1441. MikHaiLov, N. S. High-temperature 
thermocouple. U.S.S.R. Patent 105,227, Mar. 25, 
1957. 

A semiconductor thermocouple for measuring 
temperatures up to 1800° is made of pressed and 
sintered semiconductors, e.g. one thermoelectrode 
of TiC and the other of SiC. Of these, the more 
heat-resistant TiC is made in the form of a tube 
enclosing the rod-shaped SiC electrode. 

1442. Mineral insulated 
187: 717. May 29, 1959. 

A thermocouple made by British Insulated 
Callender Cables is described. The thermoelectric 
conductors (nickel-chromium for the positive and 
nickel-aluminium for the negative) are embedded 
in highly compressed magnesium oxide insulant 
and then completely encased in a seamless, circu- 
lar, stainless-steel sheath. Thermocouples of all 
sizes down to 0-060 in. diameter can be supplied 
with an insulating junction. (/nstr. Abs. 14: 265, 
Aug. 1959). 

1443. Moti, W. J. H. and BurGer, H. C. A 
new vacuum thermoelement. P/i//. Mag. 50: 618— 
624, 1925. 

Experiments with a thermocouple of manganin 
and constantan are described and the sensitivity 


thermocouples. Eng. 


is discussed. 

1444. MUKHINA, E. G. Ob izmerenii temperatury 
rastenii termoelektricheskim plastinchatym priem- 
nikom. (Measurement of plant temperature by 
means of a thermoelectric plate receiver). Moscow 
Tsentral. Inst. Prognozov. Trudy. 37: 32-40, 1954. 

In Russian. 

“The various advantages in measuring the 
temperature within a plant thermoelectrically by 
using temperature receivers, either in the form of 
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plates or needles, are discussed. The author 
describes a thermoelectric device for measuring 
temperature of plants. Data are presented on the 
temperature of a leaf measured with a needle or 
plate-like receiver in the presence of radiation, 
temperature of a plant measured with a plate 
receiver in the presence of artificial radiation, 
temperature of fruits and stalks, of soils, etc.” 
Meteor. Abs. Bib. 9: 1132, Sept. 1958. 


1445. National Advisory Committee for Aero- 
nautics, Washington, D.C. Some effects of ex- 
posure to exhaust-gas streams on emittance and 
thermoelectric power of bare-wire platinum 
rhodium-platinum thermocouples. 30 p.. Aug. 1954. 
(Tech. Note 3253). 

Exposure to exhaust-gas streams from the 
combustion of propane, 72-octane gasoline, and 
MIL-F-5624A grade JP-4 fuel caused negligible 
changes of thermoelectric power of unshielded 
platinum 13°, rhodium-platinum thermocouples. 
The increase in the effective total hemispherical 
emittance during exposure accounted for the 
increase of irradiation error, the source of apparent 
error between the test thermocouples and the 
working standards. Authors suggest that, in 
applications where long time reproducibility of the 
thermocouple is desired, pre-exposure to operating 
conditions can establish a condition of stable 
effective emittance. 

1446. National Advisory Committee for Aero- 
nautics, Washington, D.C. A thermocouple sub- 
carrier oscillator for telemetering temperatures 
from pilotless aircraft, by C. L. Fricke. 50 p., 
Dec. 1957. (Tech. Note 4128). 

An oscillator is described which, in conjunction 
with the NACA telemetering system, gives a 
satisfactory method for telemetering temperatures. 
The design uses a diode-bridge modulator in a 
phase-shift oscillator; the thermocouple voltage is 
changed to alternating current and used to shift 
the phase and hence to change the frequency of 
oscillation. This method results in an oscillator 
having a small size, low microphonics, high input 
resistance, and satisfactory stability if a switch is 
used to commutate calibration voltages along with 
the pickups. 


1447. T. S., BLewitt, T. H., COLTMAN, 
R. R. and KLABUNDE, C. E. Thermo-emf vacuum- 
seal for electrical lead wires. Rev. Sci. Instr. 28: 
464, 1957. 

Lead wires used in conjunction with low- 
temperature pile irradiations were satisfactorily 
potted in cold setting thermoplastic to give a 
thermo-emf-free vacuum-seal. 


1448. Out, R. S. Thermoelectric system. U.S. 
Patent 2,407,678, Sept. 17, 1946. 

The thermocouple comprises one element of 
n-type silicon and one element of p-type silicon. 
Both types are prepared by fusion of 99° pure 
silicon to obtain suitable ingots with varying cross 
sectional structure. The thermocouple produces 
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0-078 volt at 100°C temperature difference. It is 
used to measure radiant energy. The patent is 
assigned to the Bell Telephone Laboratory. 


1449. OrnaTsktl, P. P. Application of thermo- 
electric instruments at very low frequencies. Meas. 
Tech. (USSR). 5: 549-552, Sept./Oct. 1958. 

English version of Russian article appearing in 
Izmereitel’naia Tekhnika. 5: 44-46, Sept./Oct. 1958. 

Translation also appears in Electronics Express. 
1: 38, Dec. 1958. 

It is established that thermocouple instruments 
provide with sufficient accuracy and a small 
deflection alternating component, the possibility 
of measuring effective values of the current and 
voltage at very-low frequencies and therefore can 
be recommended as standard instruments as well. 


1450. Perry, E. R. Platinum-platinum-rhodium 
thermocouples for measuring temperatures in the 
foundry. Fonderie Belge, 29: 201-205, Sept. 1959. 

In French. 

“A detailed account of the thermoelectric pyro- 
meter, materials suitable for construction of ther- 
mocouples, methods of protecting them during use, 
and maintenance procedures.” (Brit. Cast Iron Res. 
Assoc. Bull. Foundry Abs. 14: 1016, Nov. 1959). 


1451. PoweLt, R. L. and BuNcu, M. D. The 
thermal emf of several thermometric alloys. /nst. 
Intern. Froid, Bull., p. 129-135, 1958. 

Reprinted by National Bureau of Standards, 
Cryogenic Engineering Laboratory. 

Thermoelectric powers for gold-cobalt and 
constantan vs. copper thermocouples are given. 


1452. Reto, R. J. and Gross, W. M. Thermo- 
couple element. U.S. Patent 2,916,537 (to General 
Dynamics Corp.), Dec. 27, 1956. 

A thermocouple element having fast response 
time to rapidly changing temperatures conducted 
thereto by air masses of high velocity, said element 
comprising a junction formed by two dissimilar 
materials in the thermoelectric series, leads 
extending from each of said materials, and a sup- 
port for supporting said materials in a Mach | air 
stream, said support providing continuous support 
throughout the length of said materials, said 
support being extremely thin under said junction 
to reduce heat conduction losses thereto and 
relatively thicker at the part where the leads 
extend from said materials to thereby provide a 
raised under-surface for air circulation thereunder. 

1453. Roperts, C. C. and VOGELSAND, C. A. 
Thermoelectric pyrometry. Paper Indus. 31: 459- 
460, diags., Jly. 1949. 

Several fundamental thermocouple phenomena 
are discussed and interpreted from the standpoints 
of their practical application. 

1454. Roeser, W. F. Thermoelectric thermo- 
metry. J. Appl. Phys. 11: 388-407, 1940. 

Fundamental laws and theories of thermoelectric 
phenomena and their historical developments and 
application to temperature measurement are 
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considered in detail. Practical thermoelectric 


thermometry is discussed. 


1455. Roeser, W. F. and Daut, A.I. Reference 
tables for iron-constantan and copper-constantan 
thermocouples. J. Res. 20: 337—355, tables Mar 
1938. (Res. Paper 1080). 

Tables have been prepared giving corresponding 
values of temperature and thermal electromotive 
force at various temperatures from 200° to 
1000 C, for iron-constantan thermocouples. Simi- 
lar tables from 200° to 400°C for copper- 
constantan thermocouples, although not new, 
have been included for completeness. 

1456. RupNitsku, A. A. and Tyurin, I. I. The 
investigation and choice of alloys for high-tempera- 
ture thermocouples. Z/urn. Neorg. Khim. 1: 1074 
1090, 1956. 

In Russian. 

Translation available at Great Britain, Atomic 
Energy Research Establishment Trans. 798. 

Alloys for use in thermocouples at 1350° to 
1550°C were investigated. The most stable thermo- 
electrodes at 1350°C are pure rhodium and the 
alloy 80°, Pt-20°, Rn, and at 1550°C the thermo- 
electric characteristics were less stable. This alloy 
can also be used at 1800°C for short periods if 
corundite capillary insulation is used. 

1457. RupNitsku, A. A. Absolute thermoelectro- 
motive forces and their application in the study of 
conversions in copper palladium alloys. /zvest. 
Sektor. Platinvy i Drug. Blagor. Metal., Inst. 
Obschei i Neorg. Khim., Akad. Nauk. SSSR., 
no. 27: 227-238, 1952. 

In Russian. Not examined. 

“It had previously been determined that the 
curve of e vs. composition was linear when the 
binary alloy was a mechanical mixture of phases, 
smooth with a maximum or minimum for solid 
solutions, and broken at a maximum or minimum 
point when a intermetallic compound was formed. 
Phase transformations caused sharp changes in e. 
The integral thermoelectric emf was determined 
with a thermocouple prepared from the alloy to be 
studied and a standard metal, Pt or Cu. Another 
method involved the use of identical standardised 
couples welded to the ends of a 2- to 3-cm. length 
of the alloy to be studied, this assembly was placed 
in a temperature gradient.” Chem. Abs. 49: 
2143, 1955. 


1458. Rupnitsku, A. A. and PoLtyAKkova, R. S. 
Alloys of platinum with rhenium. /zvest. Sektor 
Platiny i Drug. Blagor. Metal. Inst. Obshchei i 
Neorg. Khim. Akad. Nauk. SSSR. no. 27: 223, 
226, 1952. 

In Russian. Not examined. 

“‘Brinell hardness, electrical resistance, thermo- 
electric emf and microstructure were studied on 
alloys containing up to 16 wt. % Re. 

1459. Rupnitsku, A. A., PoLtyAkKova, R. S. 
and Tyurin, I. I. Polymorphic transformation of 
rhodium, Izvest. Sektora Platiny i Drug. Blagor. 
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Metal. Inst., Obschei i Neorg. Khim., Akad. Nauk. 
SSSR. no. 29: 183-189, 1955. 

In Russian. 

Absolute TE power and Thomson emf in 
microV/°C. determined for coin purity Rh at 
various temperatures between 100 and 1200°C. 
Values at 1030 'C. (—1-74, —0-52) represent the 
upper and lower values for the break in the curve 
at the transformation temperature. 


1460. RupNiTskul, A. A. Properties of spectro- 
scopically pure platinum. /zvest. Sektor. Platiny i 
Drug. Blagor. Metal., Inst. Obschei i Neorg. Khim., 
Akad. Nauk. SSSR. no. 27: 195-201, 1952. 

In Russian. 

“Tests were made on the following 6 Pt speci- 
mens: Pt-1, special melt in a ThO, crucible; 
Pt-2, common melt in ThO,; Pt-3, special melt in 
a ZrO, crucible; Pt-4, common melt in ZrO,; 
Pt-5, prepared by method of N.K. 


1461. RupNitsku, A. A. Termoelektrisheskiyi 
sovoystva blagorodnykh metalloy i ikh splavoy. 
(Thermoelectrical properties of noble metals and 
their alloys). 148 p., Moskva. Akademii. Nauk. 
SSSR. 1956. 

In Russian. 

AFC Trans. 3724 issued July 1959. (For sale by 
OTS). 

Chief emphasis is placed on the development 
of a “generally accessible, very simple and rapid” 
method for the measurement of thermoelectric 
properties of metals and alloys. The technique uses 
a “Kurnakov pyrometer” to measure absolute 
thermal emf of materials. Measured quantities are 
independent of the shape and dimensions of the 
specimens. 


1462. Rupnitsku, A. A., PoLYAKOVA, R. S. and 
TyurIn, I. I. The thermoelectric properties of alloys 
of palladium and rhodium. Akad. Nauk. SSSR. 
Inst. Obshchei i Neorg. Khim. Izvest. Sektora Platiny 
i Drug. Blagorod. Metal. 29: 190-196, 1955. 

In Russian. 

For English summary 
14527, 1955. 


see Chem. Abs. 49: 


1463. Rusz, J., MisioLeK, Z. and BABINSKI, W. 
Technology of wire production for thermoelectric 
elements. Prace Inst. Ministerstwa Hutnictwa. 7: 
292-301, 1955. 

In Hungarian with English summary. Not 
examined. 

“A very comprehensive paper, reporting the 
experiments made of thermoelemnets with wires of 
(for the upper temperature-limit) Pt, Rh—Pt (1600), 
Chromel—Alumel (1200), Ni, Cr—Ni (1000), Fe- 
Constantan (800), Fe-Copel (800), Chromel- 
Copel (I) (550), Cu-Constantan (400). The tempera- 
tures and thermoelectric potentials were measured 
by aid of the following standard thermoelements: 
Ir-Ir, Ru; Ir, Rh-Ir, Ru; W—-W, Mo; C-Si. The 
amount of alloying metals and fluxes one must use 
in order to prepare the alloys for these wires is 
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described, and how to melt, cast, cold-work, and 
anneal them.” Chem. Abs. 50: 7705, 1956. 


1464. Sanpers, V. D. Review of high temperature 
immersion thermal sensing devices for in-flight 
engine control. Rev. Sci. Instr. 29: 917-928, Nov. 
1958. 

Typical performance and thermoelectric 
haviour of 20 metallic thermocouples that have 
been calibrated above the melting point of plati- 
num are presented. A review of methods of, and 
properties of, refractory oxides suitable for thermo- 
couple protection at high temperatures is also 
given. 

1465. SAKURAI, T., KANAYA, K. and SHISHIDO, 
K. The thermopile for an infrared spectrometer and 
its application to a vacuum gauge. Jo/ioku Univ. 
Res. inst. Sci. Rpt. Ser. A. 1: 313-317, Oct. 1949. 

The construction of Bi-Te and Bi-Sb vacuum 
thermopiles is described and illustrated. They are 
mounted on mica and the metals are deposited in 
vacuo by evaporation on thin collodion films. 
The glass envelopes have rock-salt windows. The 
resistance of the Bi-Te thermopiles was 1-10 kQ 
and of the Bi-Sb 0-1-1 kQ. 


1466. SCHNEIDER, GUNTHER and BOETTCHER, 
ALFRED. Iridium thermocouples. U.S. Patent 
2,802,894 (to Deutsche Gold- und Silber-Scheidean 
stalt vorm. Roessler). Aug. 13, 1957. 

Thermocouples of Ir/Re-Ir alloys for high- 


temperature measurement are described. The emf 


36-13-23 mV at 
sealed in a 


range for Ir/Re, 90-Ir, 10°, is 5 
1500-2100. The thermocouple is 
gas-tight casing of a glazed thermostable sintered 
oxide for protection against oxidation. 

1467. SemKo, M. F. and PALATNIK, L. S. 
Sensitiveness of thermo-emf ‘“‘natural thermo- 
couples’’ to structural changes in high-speed steel. 
Fiz. Met. i. Metalloved. 7: 48—52, Jan. 1959. 

In Russian. 

The dependence of the thermoelectromotive 
force of natural thermocouples on the type of 
thermal treatment of P18 steel (0-75°,.C,0°3°,, Mo, 
1-55°, V, and 18-3°, W) and the effects of soaking 
time at 500 and 600 C on the thermoelectromotive 
force stability in a standard treated P18 steel were 
studied. 

1468. SHENKeR, H., LAuriTzen, J. Jr. and 
Corruccini, R. J. Reference tables for thermo- 
couples. Nat/. Bur. Standards Circ. 508. 71 p., 1951. 

The tables give electromotive force (absolute 
millivolts) against temperature, and temperature 
against emf in 0-0! mVsteps (except Cu-constantan 
which is in | m¥ steps); for the following: Pt v. 
Pt—10°%, Rh; Pt v. Pt—13°, Rh; chromel- 
alumel; Cu-constantan. And emf against tempera- 
ture ( F and C in 10 degree steps) for chromel- 
constantan. 

1469. SHepARD, R. L., Pattin, H. S. and 
WesTBROOK, R. D. A _ high-temperature boron 
graphite-graphite thermocouple. Am. Phys. Soc. 
Bull. 1: 119, 1956. 


Abstract only of paper given at meeting of the 
American Physical Society, Pittsburgh, March 
15-17, 1956. 

A study of the effect of small amounts of boron 
on the electrical properties of graphite has shown 
that about one percent of boron changes the 
thermoelectric power of graphite from C 
for pure graphite to + 15uV/ C for the boronated 
graphite with respect to copper at room tempera- 
ture. A couple comprised of a pure graphite rod 
and a boronated graphite rod has produced over 
100 mv at 3000 C. The thermocouple is sensitive 
to temperature differences of less than 10°C and 
stable up to at least 2600 C in neutral or reducing 
atmospheres such as are found in industrial 
furnaces or vacuum furnaces. The low electrical 
resistivity, high thermal conductivity, and excellent 
machinability of plain and boronated graphite 
allow convenient instrumentation, fast response, 
and easy construction of the couples. 


1470. Sims, C. T., Gatnes, G. B. and JAFFEE, 
R. I. Refractory-metal thermocouples containing 
rhenium. Rev. Sci. Instr. 30: 112-115, figs., Feb. 
1959, 

The thermoelectric force developed by the 
following junctions up to 2200 C has been meas- 
ured: Re vs. W, Re vs. Mo, Re vs. W-30Re, and Re 
vs. Mo-SORe. The thermoelectric force for W vs. 
W-30Re and Mo vs, Mo-SO0Re has been calculated. 
The Re vs. W junction develops about 15 mV at 
1000 C and may be usable up to 2600 C. Re vs. 
Mo develops about 17 mV at 1000 C; the thermo- 
electric power is low above 1600 C. The outputs 
of Re vs. W-30Re and Re vs. Mo-SO0Re couples are 
low and change signs at about 1200 and 1800 C, 
respectively. The calculated outputs of W vs. W 
30Re and Mo vs. Mo-SORe are high; the W vs. 
W-30Re output is nearly linear over a wide range 
in temperature and the thermocouple should be 
useful to about 2600 C. All of these couples must 
be used in vacuum or in neutral or reducing 
atmospheres. 


1471. Sims, C. T. and Jarree, R. I. Further studies 
of the properties of rhenium metal. /. Merals 8: 
913-917, 1956. 

The thermoelectric behaviour of the Pt-Pt-Re 
thermocouple and the resistance of Re to attack 
by certain molten metals are discussed. In addition, 
data are presented on the stress-rupture behaviour 
of drawn wire, the tensile characteristics of rolled 
sheet, the variation of Young’s modulus with 
temperature, and the effect of specimen size and 
fabrication method on the work hardenability. 
Mechanical properties of thoriated Re are dis- 
cussed. This includes data on the effect of thoria 
in Re on tensile properties, ductility, work- 
hardening, and recrystallization. 


1472. SukHov, S. A., Kaptec, S. Ya. and 
Pavtyuk, G. D. Electrolytic thermocouples. 
Izmeritel. Tekh. p. 35-37, Feb. 1959. 

In Russian. 
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Electrolytically produced thermocouples (e.g., 
constantan coated with copper) are compared 
with ordinary bimetal couples with regard to emf- 
temperature relationships and fields of application. 


1473. Thermoelectric couple. Elec. World 31: 
308, 1898. 

A sensitive thermocouple is described. One 
element is an alloy of copper and 40°, nickel; the 
other is iron. Resistance is not affected by tem- 
perature. Strongest yet discovered next Bi-Sb 
combination. Patented in Germany. 


1474. TIKHONOV, V. 1. Measurement of electrical 
fluctuations with the aid of thermoelectric devices. 
Zhurn. Tekh. Fiz. 25: 817-822, May 1955. 

In Russian. 

It is suggested that thermocouples and _ther- 
mistors may be used as standard noise sources for 
measurement of noise spectra. The theory of the 
method is discussed and a formula is derived 
determining the accuracy of the measurements. A 
brief report is also given on an experiment. 


1475. TriGGer, K. J., CAMPBELL, R. K. and 
CHAO, B. T. A tool/work thermocouple compen- 
sating circuit. Am. Soc. Mech. Engrs. Trans. 80: 
302-306, 1958. 

It is shown that serious parasitic emf are intro- 
duced if a dissimilar metal is used to connect a 
carbide insert to the emf measuring instrument in a 
tool/work thermocouple, but that the effect can 
be minimized by the use of a suitably designed 
compensating circuit. The conditions necessary to 
achieve complete compensation are explained and 
results given to indicate the reliability of the 
method. 


1476. UBpBeLoupe, A. R., BLACKMAN, L. C. F. 
and Dunpas, P. H. A graphite-graphite thermo- 
couple for high temperature. Chem. & Indus. 19: 
595-596, May 9, 1959. 

The possibility of, and difficulties in, using the 
thermoelectric power developed between speci- 
mens of graphite of different crystal orientations, 
when formed into a circuit with junctions at 
different temperatures, are discussed. Details are 
given of the construction of thermoelectric power 
units that remain stable at high temperatures. The 
thermojunction at the hot end is formed between 
pyrolytic graphite highly oriented with respect to 
the x axis and a specimen of heat-treated poly- 
crystalline graphite. 

1477. U.S. Atomic Energy Commission, Oak 
Ridge National Laboratory, Oak Ridge, Tenn. 
Thermocouple research, by D. L. McELrRoy. 


87 p., Oct. 1957. (Rept. 2467). (Prog. Rept. 1). 
(AD-153-231). 

Description of experimental equipment con- 
structed and operated for: (a) thermocouple 
calibration; (b) time-at-temperature studies of 
in thermal-emf ; (c) heat treating of wires. A 
brief literature survey based on nearly 4000 
references has been included to summarize the 
large amount of information existing on thermo- 
couple technology. 

1478. WAGNER, RICHARD. Komplexhomerseklet. 
(Composite temperature.) /dojaras 58: 72-77, Mar. 
Apr. 1954. 

In Russian. 

“The author developed an electrical instrument 
measuring air temperature, radiational heat gain, 
and heat loss by evaporation and wind. The value 
indicated by the instrument is termed composite 
temperature. Composite temperature values can 
be reduced to 2 C if desired. The instrument was 
successfully used in bioclimatological and micro- 
meteorological research.” Meteorol. Abs. Bib. 6: 
750, 1955. 


1479. WeECHSUNG, H. Present technique of 
thermocouples. Arch. Tech. Messen, 216: 19-20, 
Jan. 1954. 

In German. 

A review of the current range and frequency 
limits of thermocouples. Types considered are: 
open (air) types; vacuum types with all connec- 
tions through pinch, with heater and couple 
connections at opposite ends of bulb, with straight- 
through heater. Curves are given for three types, 
based on 1:5°%% error, which show the relation 
between current range and highest usable fre- 
quency; the ordinates extend from | mA to 6A, 
and up to 1000 Mc/s. 

1480. Westinghouse Electric Corp., Pittsburgh, 
Pa. Insulation resistance of thermoelectric magnesia 
insulated chromel-alumel thermocouples, by F. 
Gaipos and H. L. Gtiick. 13 p., 1954(?). (Rept. 
WAPD-S5W-EP-23). 

The thermocouple consists of a stainless steel 
jacket, nominally 1/16 in. OD. housing size 30B 
and S gauge chromel and alumel wires insulated 
with magnesium oxide. The functional properties 
of the thermocouple in high temperature and high 
neutron density environments were measured. 


1481. Wick. Thermoelectromotive force with 
silicon. Phys. Rev. 25: 382, 1907. 

A thermocouple of silicon and copper is made 
by copper plating silicon. The thermoelectric 
power is —395 microvolts per degree centigrade. 


CHEMICAL COMPOSITION 


Ag—251, 258, 270, 299, 324, 345, 420, 563, 619, 
675, 808, 813, 833, 943, 1059. 

Ag—Al—S20. 

Ag-Au—166. 

AgBr—44, 45, 385, 386, 589, 747, 914. 

AgCl—45, 387, 747, 1026. 

AgBiSe,—624. 

Ag—Cu—534, 535, 536, 537, 595. 

AgGaS,—34. 

(Ag—Ga)Se,—34. 

(Ag-Ga)Te,—34. 

AgFe (Tes, Ses, S.)—1114. 

Ag- Mn—271, 911. 

Ag,P—764. 

Ag—Pd—S593, 911, 994, 1032. 

Ag-Pt—903, 911. 

Ag-Pt-Au—904. 

Ag,S—10235. 

Ag-Sb—760. 

AgSbSe.— 624. 

AgSbTe,— 624, 1074. 

Ag.Se—843, 1064. 

Ag.Te—844, 845, 1064, 1109. 


Al—22, 163, 181, 195, 211, 234, 258, 299, 932, 933, 


934, 938, 952, 982, 983, 985, 990, 992. 
Al-alloys—22, 154, 376, 601, 708. 
Al-Ag—518, 519, 521, 936. 

Al-As—8. 

(Al-Ga)As—530, 531. 

Al-Bi—520. 

(Al-Mg)Tio,—1080, 1081. 

Al,O,—582, 583, 919, 918, 920. 

Al-Sb—748, 839, 882, 939, 974, 1088. 

Al, Te,—839. 

As,.Te,;—713. 

Au—251, 258, 270, 299, 324, 420, 563, 619, 732, 
808, 813, 833, 1059. 

Au—-Mn—271. 

Au.P,—764. 

Au-Pd—9I1. 

Au-—Pt—216. 

BaO—742, 749. 

BaS—699. 

BaSe—266. 

(Ba-SijO—1108. 

(Ba-Sr)O—678, 899. 

BaTe—890, 891. 

BaTiO,—1037. 

Be—791. 

BeO—749, 920. 

Bi—11, 172, 296, 303, 304, 412, 413, 414, 581, 617, 
736, 737, 740, 754, 755, 767, 793, 835, 847, 952, 
977, 980, 987, 988, 991, 1021, 1086. 

Bi-Cd—836. 

Bi-Pb—835. 

Bi-Sb—794. 

(Bi-Sb)(Bi-Sn)—145. 

Bi-Sn—S586, 989. 

Bi (Ti, In, Mg, Tl, Mg)—793. 


INDEX 


Bi (TI, In, Mg)—757. 

Bi,O,—822. 

Bi-Te—497, 929. 

Bi,Te,—7, 38, 83, 84, 85, 86, 87, 354, 366, 501, 527 
569, 677, 687, 688, 690, 692, 695, 696, 709, 711, 
712, 713, 767, 781, 820, 838, 864, 908, 981, 
1000, 1004, 1027, 1061, 1063, 1066, 1090, 1093, 
1094, 1096, 1097. 

Bi,(Te,;—S;,)—676. 

Bi.(Te,—Se,)—7, 134, 532, 639, 660, 694, 714, 881, 
1010. 

(Bi,Sb,)Te,—134, 502, 520, 539, 1014. 

Bi.S,—665, 727, 765. 

Bi-Se—603, 998, 999. 

Bi.Se,—505, 716, 766, 767, 850, 998, 1000. 

Bi,Se,—998. 

B—751, 1003, 1052. 

BP—1024. 

Brasses—976. 

C—548, 746, 747, 800, 801, 802, 803, 865, 901, 902, 
1041, 1045, 1046, 1053. 

C—diamond—689. 

CaO—678, 749. 

Cd—172. 

CdO—509, 542, 600, 729, 749, 1098, 1099, 1101. 

CdS—742, 777. 

Cd-Sb—726, 753, 772, 829, 922, 923, 924, 925, 
1050, 1111. 

Cd-Sn—584. 

CdTe—609, 742. 

Cd-Zn—795. 

(Cd—-Zn)Sb—823. 

CeB,—970, 971. 

CeO—605. 

CeS—674, 1080, 1081. 

CeSe—1080, 1081. 

Cu—22, 173, 174, 181, 243, 251, 252, 255, 258, 267, 
268, 270, 283, 299, 324, 341, 342, 420, 576, 618, 
661, 778, 807, 813, 815, 817, 906, 932, 937, 952, 
958, 1059. 

Cu alloys—183, 363, 376. 

Cu-As—956. 

Cu-Au—165, 166, 975, 994. 

CuCd—779, 955. 

Cu(Cr,Mn)—739. 

Cu(Fe)—562. 

CuFeS,—558, 616, 1115. 

CuGe—779. 

CuGaS,.—34. 

CuGaSe,—34. 

CuGaTe,—34. 

Culn—779. 

Cu-Mn—499, 911, 1029. 

CuNi—994, 1005. 

Cu o—727, 858, 917, 918, 921, 1117. 

Cu,o—70, 210, 485, 506, 519, 572, 702, 730, 848, 
993, 1117. 

CuP—956. 

Cu,P—764. 
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Cu,P—764. Hf-(B.C,N)—971. 
CuPd—911. Hf-(Se, Te)—831. 
Cu-Pt—911, 965. In—305, 926. 
CuS—1025. In alloys—225. 
Cu(S-Se)—498. InAs—514, 567, 585, 940, 1070, 1071. 
Cu-Sb—779. InAsP—566, 568. 
Cu-Si—360. In,Ga,—948. 
CuSo,—919. InGaAs—491, 949. 
CuSbTe,—624. InP—679. 
Cu-Sn—508, 779. In-Pb—1039, 1040. 
Cu-Zn—779. InSb—301, 449, 500, 514, 526, 567, 585, 628, 651, 
Co—952, 984, 985. 670, 682, 747, 864, 939, 944, 959, 961, 964, 1028, 
CoO—600. 1070, 1071. 
CoSb,—620, 621, 622, 623. In,Se,—846. 
Cr—1015, 1047. In-Sn—972. 
Cro—S542. In-Te—638, 1100. 
Cr,0,—582, 583, 645. In-TIl—1040. 
CrS—1069. Ir—783, 907, 1084. 
CrSb,—492. K—489, 809, 810, 811, 812, 813, 815, 816, 818. 
Cr-Si—705, 706, 892, 893, 894, 1042. LaB,—971. 
Cr(Te-Se)—1043. LaBaTiO,—1081. 
Cs—489, 809, 810, 811, 812, 816, 818. (La-Sr)Mno,— 1067, 1068. 
Cs,Sb—967, 968. Li—489, 809, 810, 811, 812, 816, 818, 1001. 
Cs. Sb—969. Li(Co—-N)O—132, 1080, 1081. 
Fe—22, 181, 193, 194, 258, 693, 932, 933, 934,952, Li(Mg—Ni)O—1080, 1081. 
1084. (Li-Mn)O—719, 1078. 
Fe alloys—154, 658, 739, 1005. Mg-alloys—222, 223, 224, 263. 
Fe—-C—540. Mg-Bi—793, 870, 871. 
Fe-Cu—916. Mg.Ge—S03, 1091. 
Fe-Co—1107. MgO—742, 749, 819, 900, 1104. 
Fe—-Constantan—507. MgO-CoO—674. 
Fe(Cr, Mn)—281, 739. MgO-FeO—674. 
FeO—542, 674. MgO-NiO—674. 
Fe,0,—854, 855. MgO-ZrO.,— 867. 
Fe,O ,—785. Mg.Pb—957, 1091. 
Fe,Pt—SlI1. Mg,Sb.—561, 573, 574. 
FeS,—643, 710, 718, 863, 906, 1025, 1069. Mg.Si—503. 
Fe-Si—360, 686, 797, 798, 799. Mg.Sn—301, 770, 957, 1091. 
FeSi,—496. Mn-Cu—499. 
Ga—604. Mn-—Ni—S510, 979. 
GaAs—525, 626, 632, 679, 940. MnO—932. 
GaAs—Ga,Se,—883. MnO-TiO,—859. 
GaSb—747, 748, 939. Mn-Si—797, 798, 799. 
Gd—953. MnSi.— 892, 893, 894. 
Ge—116, 238, 275, 314, 330, 333, 335 » Mo—258, 629. 
338, 371, 377, 393, 424, 447, 462, ; , 524, Mo.C, MoN, Mo.N, Mo.B,—970, 971. 
571, 615, 634, 635, 637, 650, 652, ; ; , Mo-Cr—636. 
682, 724, 746, 747, 769, 780, 804, 834, , Mo-Hg—874. 
942, 973, 1106, 1007, 1019, 1020, 1031, 1051. MoS,—70, 727, 821. 
Ge alloys—784. MoSi,—523, 1042. 
Ge(Ga, Sb)—680, 681, 683. Na—489, 809, 810, 811, 812, 813, 815, 816, 817, 
Ge(Sb, Bi)—748. 818, 1001, 1083. 
GeS—750, 1102. Na-Au— 1016. 
Ge-Si— 1022. NaCl—191, 386. 
Ge-Te—853, 940, 1082. (Na—-K)NH,—612, 789. 
Glasses—704, 743, 909. Na,O-Tio,—859. 
Hg—317, 662. NbB,, NbC, NbN—971. 
HgO—749. NdB,—970. 
HgSe—551, 630, 631. Ni—22, 181, 258, 675, 841, 842, 952, 1084. 
HgTe—87, 579, 630, 631, 659, 782. Ni-Cu—S593. 
Hg (Te—Se), (Te-SeS)—895, 896. Ni-Cr—261, 646, 771, 994, 997. 
Hf—953. Ni(Cr, Mn)—739. 
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Ni,FeO ,—856. 

(NiO-FeO)(Fe.O,) 

Ni—Mn—S10, 979. 

Ni-Hg—756. 

Ni-Mo—935. 

NiO—210, 572, 729, 912, 913, 932, 1095. 

Ni-Pd—512, 513. 

NiS—717. 

Ni-Si—360. 

Ni-Te—1113. 

NiZn—Fe,0 ,—1057, 1060. 

Np—701, 787. 

Pb—273, 305, 345, 412 
758, 835, 926. 

(Pb-Bi)-Te—889. 

Pb—Cd—1112. 

PbO—542. 

PbO.—900, 918, 919. 

PbS—70, 262, 515, 547, 613, 
746, 804, 837, 900, 946, 947, 1013, 1025, 1035. 

Pb(S—Te)—750. 

Pb-Sb—768, 1023, 1110 

Pb-Se—560, 613, 742, 805, 806, 889, 946, 947, 
1009. 

Pb (Se—Te) 

PbTe 
805, 806, 864, 880, 887, 946, 947, 
1097. 

Pd—227, 258, 732, 1084. 

Pd(Ag, Rh)—1032. 

Pd—Ni—S12, 513. 

Pd—U—S580. 

PrB,—970. 

PrO—824. 

Pt—258, 562, 576, 
1058. 

Pt-(Ag, Au)—903, 904. 

Pt-Au—911. 

Pt-Hg—874. 

Pt—-Mo—897, 898. 

Pt-(Na, Ba)—1016. 

Pt-—Rh—783. 

Pt-Th—S552. 

Pt-U—S91. 

Pu—700, 786. 

Re-Ir—707. 

Rb—489, 809, 810, 811, 812, 816, 818, 868. 

Rd—1084. 

Rh—663, 783, 907. 

Ru—966. 

S-Se—498. 

Sb—519, 736, 740, 745, 950, 952, 1086. 

Sb—Ag—520, 760. 

Sb-—Al—S520. 

Sb-Ag-—Al—S20. 

Sb.Se,—602, 665, 876. 

Sb-Te—647, 728, 1062. 

Sb.Te,—713. 

Sb-—Zn—555, 611, 773, 774, 792, 829, 888, 925, 941, 
1033, 1034, 1103. 

Sb-—Zn-Bi—S520. 

$b-Zn-—C—S520. 


785. 


413, 423 


748. 


444, 564, 588, 


614, 641, 648, 742, 


328, 554, 560, 570, 610, 725, 742, 775, 788, 
1009, 1082, 


597, 629, 661, 732, 833, 907, 


Se—720, 721, 722, 723, 
962, 996, 1002, 1065. 

Se gray—S578. 

Se—-Au—1008. 

Se(Br)—528. 

672. 

Se-S—498. 

Se-Te—549, 550. 

Si—116, 371, 666, 669, 746, 747, 804, 986, 991. 

SiC—517, 553, 572, 576, 666. 

Si-Ge—750, 1022. 

Si (Fe—-Cr—Mn)—797, 798, 799. 

Si-Sn—750. 

SiO, —900. 

SmN— 1049. 

Sn (gray)—345, 575, 684, 685, 861, 862. 

Sn (White)—172, 296, 305, 542, 564, 587, 860, 926, 
943. 

(Sn—Ag)Bi—1033. 

Sn—Cd—1112. 

(Sn-—Ge)Te—495. 

SnO—542, 752. 

(Sn—Pb) Te—266, 493, 494. 

Sn-Sb— 1056. 

SnSe—S522. 

SnTe—266, 715. 

SrO—749. 

TaB,, TaC, TaN—971. 

Ta—Hg—874. 

Ta—Te—1048. 

Te—11, 504, 519, 633, 642, 736, 746, 849, 952, 995, 
1030, 1038. 

Te alloys—1036. 

Te—Al—520. 

Te—(Au-Sb)—559. 

Te(Sb)—654, 655, 656, 657. 728, 1062. 

Te-Se—549, 550. 

Te-Ta— 1048. 

Th—305, 832. 

ThO—517, 920, 1070. 

Th-—Pt—552. 

Th (Se, Te)—831. 

Ti—258, 703, 927, 978, 1092. 

TiB.—970. 

Ti(Se, Te) 

TiC—970. 

TiN—971. 

TiO,— 391, 516, 557, 653, 698, 866, 884. 

Ti,0,-Ti,O ,—915. 

TiO,-Na,O0—859. 

TKCl, Br)—747. 

T1,S—727. 

U—598, 606. 

U Cmpds.—1082. 

UO,-U,0;—S529. 

V alloys—905. 

VC, VB., VN—970, 971. 

V.O;—590, 727. 

W—258, 629. 

WC, W.B;, W2N—971. 


727, 744, 745, 776, 930, 


-831. 
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W-Hg—875. 
W-O—542 
WO,—727, 1012 
W(Ta, Mo)—852 
Yt—759 


(Y-Ca)TiO 1080, 1081. 


Zn—160, 161, 172, 796 
(Zn—Cd)Hg—763 
ZnF,—599 


ZnO—210, 485, 730, 741, 
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ZnSb—61 1, 773, 77 
1034, 1103. 
Zn,P.—764. 
ZnSb-Pbs— 648. 
ZnTe—556, 734. 
Zr(Se, Te)—831. 
ZrC, ZnB,—970. 
ZrN—971. 
ZrO—517. 
ZrO.-MgO 


4, 792, 829, 888, 925, 941 
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